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PART I. STYRYLPYRIDINE-AND ITS DERIVATIVES
PART I: STYRYLPYRIDINE AND ITS DERIVATIVES
I. INTRODUCTION
It is well known that substituents in the benzene
ring may influence aromatic reactions. Many reactions
have been investigated, especially those affecting a side
f
chain. Substituents change the distribution of electron
density and therefore influence the reactivity of a mole-
cule by affecting bond strengths and repulsion forces.
The influence of substituents in the pyridine•reaction is
analogous to the behavior of the substituents on benzene.
There is some literature concerning the condensation of
aromatics aldehydes with 2- or 4- position of methyl
pyridine in the presence of acetic anhydride . Bennett
and Pratt first used acetic anhydride as a condensing
agent in the preparation of 2', 4'-dinitro-2-stilbazole.
Acetic anhydride, acting as a. Lewis acid catalyst, is
now found to be generally applicable, and gives purer
products and higher yield than other Lewis acids, such
as ZnCl2 or HC17'8.
Q
A. P. Phillips studied the reactions of dinitro
derivatives of xylenes with aromatic aldehydes in aniline
and zinc chloride. Prom his results, a resonable mechanism
was proposed which added .several intermediate steps to the
Mills' mechanism . Phillips suggested the following
mechanism:
EQUATION 1
-OH
H=CHR
EtOH
It is evident that simple aromatic hydrocarbons such
as benzene, and its nitrogen analog, pyridine, show many
gross similarities. For example, they have approximately
the same resonance energy , absorb at approximately the
same wavelength (maximum at 255 my ), and undergo anionoid
12
and cationoid reactions . The ultra-violet absorption
spectra of aqueous solutions of pyridine and its homologs
1?have been reviewed by Anderson . In general, the main
absorption peaks of the ionized and unionized form of a
given base lie at approximately the same wavelength, but
the extinction coefficient of the unionized base is only
about half of that of the ionized base. Furthermore,
H. C. Brown1 showed that the pK 's of 3-,2-,and 4-3.
methyl pyridine are in the order 3 <2 <4. The methyl group In
3-picoline was found to have a non-acidic hydrogen and
was unreactive toward aldehydes and, thus., no condensation
was observed .
The absorption spectra of different derivatives of
styrylpyridine have almost identical maximum wavelength
(maximum at 290 - 10 mU) and the shape of the spectra
were approximately identical. E. R. Blout attributed
this to charge delocalization and the length of the
conjugated absorbing system:
The reactivity of methyl derivatives of pyridine
depends on its position in the pyridine ring. Thus, re-
activity is a very important factor in the stability of
the products (styrylpyridine). Previous studies con-
centrated on the condensation reaction of methyl triazine
with benzaldehyde.
Ph Rh P,h
. "'
S0
« *A* H'SO-
= 101x10-* II \ K,=4.3x10-»
'
 A >
-
in the presence of sulfuric acid as a catalyst. The
reaction rates were in the following order:
methyl >styrl >pyridine. This effect could be caused by
the increase of delocalization of the electronic charge
in the phenyl group. No information about the reactivity
and activation energy for different methyl group positions
on pyridine has been reported.
In this study, various methyl pyridines were reacted
with benzaldehyde in acetic anhydride at a constant tem-
perature and varying reaction times.
II. EXPERIMENTS. .
II-A Format .on of Various Styrylpyridlne (SP)
(I) 2-styr -Ipyridine (2-SP)
(II) 4-styr -Ipyridine (4-SP)
(III) 2,4-di -(p-styryl)pyridine (2,4-DSP)
(IV) 2,6-di-(p-styryl)pyridine (2,6-DSP)
(V) 2,4,6- ;ri-(p-styryl)pyridine (2,436-TSP)
("0
Methyl pyridine condensation products were prepared
5 7in the usual manner • by refluxing for approximately
9-15 hours the appropriate methyl pyridine and benzaldehyde
in acetic acid and acid anhydride. The molar ratio of methyl
pyridine to benzaldehyde varied from 1:1.2 to 1:3-6 depending
on the particular styrylpyridine. After steam distillation
a brown solid residue remained in the reaction vessel. The
residue was recrystallized from n-hexane. Table 1 shows the
chemical and physical constants. UV, IR, and proton and
carbon-13 NMR spectra are shown in Pig. 1,2,3, and 4,
respectively. The assignments for each of the characteristic
peaks in the IR spectra are listed in Table 2.
II-B Formation of Derivatives of Styrylpyridine
(VI) 2-(p-hydroxystyryl)pyridine17 (2-(p-OH)SP)
(VII) 4-(p-hydroxystyryl)pyridine18 (4-(p-OH)SP)
V NVcH=CH-(( V
(vii)
A solution of 9-8 ml (0.1 mole) picoline, 14.6 gram
(0.12 mole) of p-hydroxybenzaldehyde, and 18.8 ml (0.2 mole)
of acetic anhydride was refluxed for 12 hours. The un-
reacted picoline and acetic anhydride were distilled off
in vacuo. The rest of the solution was added to 75 ml of
3N HC1 and refluxed for 1 hour. The color of the solution
,a,
CO
C*
Y
VO
%
»^
M
%
04
cn
ai
vo
CM
rj.
cn
at
<3*
«k
CM
.
p.
cni
^*
%,
04
cn
CM
3"
ij
C
13
01
e
0
U
rH
10
U
•rH
01
*>,
.c
a
T3
S
IS
rH
10
O
•H
E
CU
J5
U
J3
EH
i— {
ffi
r^(4
-
.
C4
cn
M»
Q
1 '
a
g*
i
vo
*t
C^M
"O
C
IB
«
C.
cn
H-
ot
a
ai
VO
»,
CM
•.
p|
cn
oi
•*^
ai
*
CM
*
Cain
^
01
Of
1
».
G.
cn
z
o
a
i
CM
U
0
o
o
i)
03
U
-T^-"
O
cu
S
X
a
E
,•<
.— .,
,«•••. i
U X
W rd
Q £
* ^ ^
too
<y CD
r-l ^
Q) GJ
03 £
•Q
£
UO -U
• O
04 01
• c
E 0
CJ
O ^
.
• JJ
04*rf
• rH
e-'
4-1
C
cu
0
a
s
0
o
oo OP of a» «o «-> oo
co o in o o o cn
O rH VO T «T Cn in
rH
in r-
in in
. .
^3» ^*
.» ••>
i-H rH TT O r» rH Cn
«r in in r^ r» I-H in
•» TT • « • • » • » T- fl-
•H *H
\Q O
G\ ^
CM CM
~*< •»"* rt. .k. *t"<
p r» p» o o co o
rH o o ^ C O cn
m cn m n m cn m
r
p» I-H p- p» CM I-H cn
o iH m vo in r» o
CM cn p^ vo CD rH co
rH rH i-( rH CM CM
•5T in in r-( VO rH
• co o cn o fl* vop* CM r* vo co rH p*
CO rH rH rH r-l CM CM
CU <M
CO O
IB -O CO CM
rH in rH CM
cn .Q o • i i Qi
f C^ fl" f** P* O> rH
O CM P- VO CO rH f~
CT1 >H rH i-t rH CM CM
O4 £404 cn cn
UJ -~ -»
Q4 a EH S S
CO t/3 1 O O
a c vo i i
Cj Cy 1 1 •» &4 Ok
cn cn T vo «r — -^
I I 1 1
CM «T CM CVI CM CM «T
*> OP
o m
in cn
in in
in
in
•
fl*
•«
rH fl1
p- in
•flr
CM
cn
.-,
O CM
fl* m
f*i I'n
^ in
p* r-
LO m
nj CM
in r-
• .
cn CM
in in'
CM CM
.£
^*
•
t
0
O
0
2^
*
in
CM
c- a,
cn cn
^* ^~
M «
O O1 1CL a
a a
i ;
T VO
•> •>
CM CM
m
fl*
•
•Q1
•»
CM
"
O
rH
CO
••,
p^
rH
n
CM
CM
vo
CM
cy
•
CO
in
CM
C-
cn
*^
-r*
0
3
EH
f
VO
»
TT
•>
CM
CU .4
c >
•H a
•H rH
M >i
c a >i
c — *J
•H rH 0)
fO i^ 1-H
•H H X
• -H >1 O
CU >i-U 'M
c a, ra T3
T3 rH X J3
•H >, O 1
M V4 M Oj
• >( >•! rO *"^
cu a-u ><-H
c— m .c n
•H rH S, t 4J
•o >. x a i
•*H ^ O ~^ vo
M >, kH-rH >
>,4J -o -a •«•a co >, i -
-^ 1 JC •« CM
rH£, | .
V4 *H ^^ CU
J^rrj | •• cn
4J 1 CM CM --»
co vo cn .s
1 > •• -^ O
acN a s i
-" cn o Ci1
 " cr ' T
tn o — "i
" Q 1 Q vo
a. i o, i -
cn vo ^~ T •«»i . i « •
T CM CM CM CM
.
a)
c
•H
*o
•rH
J.4
• • ><
C C -^
•H -H rH
•rH -H rj
• IH >H >,
f* pr r>. tn
•H «-« *^  >f
•D -H rH X
•H >| t>, 0
H M l-i M
CO Q* •*-* •W rN
C — CO CO A
•H rH 1 >, 1
*H M '"^ O '""""''
Vi >,-H SH -H
a m v >, I
rH Q4VO 1 •>
>,~- '^OiCM
^ rrj », | ..
4J 1 CM V Bj
Cf) fli (fl
J •>.... .•*«
ttCM CU 04 X
*- cn cn O
CM o. i .= a
co * o "^^
•• Q vo I O
tX 1 * d. 1CO ^r ^r ^^vo
l * * l -
fN rj CN V CM
•
.,-4,
f*»
00
CO
1-1
as
r^*«.
CN
»
o
cs
,
J>4
<u
0)
.
j;
JJ
03
3
IB
ca
—
••
<o
.
-^k
in •
0 —
en in
rH O
*-" cn
cn *H
in >-»
rH CO
cn
»cn
co (CM
f. :\
*
»in
« CM
JH
d) •a •
-, a
d)
73 -
C Vj
IB CU
rH 4J
rQ Q]
<y 0
•H Si
M OCu cn
rj [^
• • ••
J3 O
.
^^
CO
cn
cn
rH
-^«
CO
r»
«
.
u .
o-~
cn in
o
. cn
ErH
CU —
Si CO
Uo
cn
. cn
rj
•.CO
rN cn
IB
rH •>
-H •
3 1-1
O 5)
u a
1 • *Iz E
•rl
• CU
3 S
T3 C
IB ca
O T3
E C
01 IB
rH
CJ 03
3>
• -H
& S
O
• • ••
*o <u
•
-^»
VO
OS
*~*
r*
vo
o
rH
In
cnl
ml
•• *-*
to o
CU in
U cr.
C rH
•rn • fl1
O — co
cn cn rH
IT< rH
rH cn
IBrH »
O — in
•U rH
3 t -
O
0 » EIB cnloi
E rHLC
u ^u
r* r* .
04 O I31
1-1 S-l
• "O O
rj J)
». {Q rg
C" »H
M -U •
'CD CU 03
2^ EH 13
C cr
>H • O
0) >i C
O O "HO S Cu
IB
• >H •
cn a cn
a
•3 73
c • c
IB <5
rH T3 C
CU C Cj; is is
O E
IB cn cr
Cl r[< l-i
3 <1) OJ
• * .
X < Q
E 3 ca
•« •• ..
**H (T>^
•
r-N
to
T^o
—1
v_s
in
rH
CO
rH
&
M<ol
.
•
o
o
CO
•
s
O
J2
o
e
^
•
--3
•
IM
Obe
d
M
.
3-
•
>
•3
C
d
4J
5
q
M
£S
w
•H
0)
o
u
8-
7-
3H
\.
360 300,340 320
wavelength (run)
Figure 1. Ultraviolet spectra in methanol of
•2SP, A 4SP, Q 2,4DgP, * 2,6DSP,
O2.4.6TSP.
280 260
690
22232£22 2423 2223 16-22 1223 eze
Figure 2. The IR spectrum of various styrylpyridines:
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10
o j 7 ' ~ 9 ~ £' — o •;- •.; c c s ' "
~ zz.:--" V i? 3'" !
= C 'il r- a
U O O C U Q
z uju:t :i:
11
.
^ o o o
c 3 o c
u • • •
U_ £3 «-• •-
a -
P n u zaz ^N — _! o n m u o n c n
CDC" —> X ^ L.' O G C7* -" <
LOCTC. = 00 000 3 •- • •iMces- t oX"Oac>-c>j ir •
—
: ii n ii r UJ c
o w m i r N O O I
3 O.QD <: — ?-Q-O
-
i: ., s n = £ A j) L-( :: KB i: ti i: L) c
* a* r"* f* rr t~. ~ i • r*: n rr *•> q ^ ^ /r
Q_
CL
CO
— OJ
y o
"^ c
j
t
it
O
-M
0. p-
W I
Z. •" —r
~' o ^
rt -3
Si =
•^ ti
o
o _-
•jTcc-
O sT
r:
12
(fl
a
CM
a
T
C/3
I
CM
3 rH
U rH
JJ C
o a
CJ
a b
31 C3
I
to
•U CM
ca -o
ii
ec
•H •
a a.
a: yj
rci a
u to
c- CM
r-t
i
5
£
CO
C
a
MH
n
a
o.
•v:
"i
o
•c
—CM
CL
CO
ai
0
CM
O.
01
G
•q-
•
C\J
0«
I
G.
01
1
CM
o
•o
o2
£
o
.y
a
£,
tH
>
CM
Cl
,^_4
O
-ifl
"0 r^
CO rH
S
•-0 if)
sn •C
t-t rH
• —CO ul
CO 0)
K3 V
P» O
co irt
rH rH
• -co uo
CO 3>
lO '.jl
O 0
uT ^
* *CO Ul
co en
to *T
rH rH
O
rH
'J"5
rH
in
-Olin ^7
CO rH
r-l
2j
2
u
0
OC£.
C
£ 0
O
4J C
O O
t. -rH
JJ JJ
<o a
t,
U £•It -1
u >
o
^7
uT
r^
'.i")
»rH
Cl ^
3 rH
LO
0
CO
LO
r-*
S
rr
rH
•
O
o
-"•
0
CM
T
•
O)
COin
i-H
o
rr
rH
10
-CMCM sr
33 -Hin
rH
3)
C
tH
T3
b
oc a
c;
•H V>4
£ O
U
JJ C
o o
b -rt
JJ JJ
U3 CJ
«.
II TH
CJ >
q
-j5
o
JO
3)
0
CO
O)
—ot~
3>
CM
C*
ffl
—0
3)
3)
to
CO
O)
£ «
•U C
T-I C
O -rH
cd
C 2
0 0 0
C -r4 b O
3 JJ G
rH Cd E <U
Q, b O rH
-' ° % ^^H TH at £o > -u
1 C ffljj ec o
3 C « 01
O T-I O £
- b JJ
•*• C^ TJ
1 0 >i C
CJ £ £ O
11
001
UJ
—o
•-O
o
O)
tO
-m
3>
*"
COto
—o
liTy
r*
O
o
—coji
^
CM
O
UO
—o
CO
£ 00
JJ S
^H
^*H C
O -I •-»
TJ in
ffl C £ £
C O (0 ^ * O
3 -H b fiO
rH «J 0 O
a a s c -
1 b O 0 -C
W £ JJ N X
O TH CS C £
1
 * f. °
2 oi ty c0 C cc a u
TH O £ 0
•g b *J g
1 O S C T3
o A £ o a
Q
CM
r-
LT)
CO
f*
uO
CO
c^
0
CO
'-D
CO
U
£ EC
JJ C
•r4
TH C
0 tH
cd
43 O 3
C TH b 0
53 jj c
-s a = TH
a. b q r>
v, -H a "b
o > ^i c a
•u e o3 c e: 3
O TH O £
__ T; b JJ
T <a >> c
CJ jC £ O
CM
.OJJ
<u£ ac
J* C
^H
TH C
O tH --^
(3 CM
c s c
C TH b Q]
CO JJ ffl O
r* Cd = C b
C. - O 0 T3
1 £• 4J M >,
<u TH a c £
o > «
1 C £ JJ
3 C Ci -U o
O TH O £ O
T3 b 4J 3
= c n -^i a >-. c; T
CJ £ £ O 0
13
turned dark brown (dark red for 4-picoline). A precipi-
tate formed after neutralization with NaOH(pH=7)
(NapCO.-« for 4—picoline). The greenish gray precipitate
(pale yellow for 4-picoline) melted at 209-214 °C(269-272 °C
for 4-picoline). Recrystallization from 95$ ethanol ( 1 gram
in 18 ml of ethanol) was followed by sublimation at 1 mm Hg and
O f\
200 t . The chemical and physical constants are listed in Table 1,
UV, IR, and proton and carbon-13 NMR spectra are shown in Pigs.
5, 6, 7, and 8, respectively. The assignment for each of the
characterization peaks in the IR spectra are listed in Table 3-
(VIII) 2,4-di-(p-hydroxystyryl)pyridine (2,4-D(p-OH)SP)
(IX) 2,6-di-(p-hydroxystyryl)pyridine (2,6-D(p-OH)SP)
Formation of di-(p-acetoxystyryl)pyrldlne
(VIII) (IX)
A mixture of lutidine (o.l mole), p-hydroxybenzaldehyde
(30.5 gram; 0.25 mole), and acetic anhydride (37-0 ml;
0.4 mole) was refluxed for 21 hours using an oil bath
maintained at 155-160 °C in a nitrogen atmosphere to
protect it from air. After 21 hours, the solution was poured
into 600 ml of .water and stirred for about 1 hour to
remove the excess actic anhydride. A solid product was
obtained by filtering, washing twice with water and
recrystallizing from ethanol.
O8 +4
o
-H
4J
U
c
X
<0
Figure 5.
360 300 280340 320
wavelength (nrt)
Ultraviolet spectra in methanol of
• 2-(p-OH)SP, ^ 4-(p-OH)SP, "tf 2,4-D(p-OH)SP,
Q 2,6-D(p-OH)SP, and A 2,4,6-T(p-OH)S?.
260
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2620 =222 2£22 2423 2223 ',223 4G2
Figure 6. The IR spectrum of various components:
(A) 2-(p-OH)SP, (B) 4-(p-OH)SP", (C) 2,4-D(p-OH)SP,
(D) 2,6-D(p-OH)SP, and (E) 2,4,6-T(p-OH)SP.
(KBr pellet)
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Formation of di-(p-hydroxystyryl)pyridine
A mixture of di(p-acetoxystyryl)pyridine (6.0 gram)
was refluxed with o.75N alcoholic potassium hydroxide
(60 ml) for 1.5 hours. The hydrochloride hydrate was
obtained by adding hydrochloride acid and then recrystal-
lized from water. Ten grams of di-(p-hydroxystyryl)pyridine
hydrochloride hydrate were dissolved in 50 ml of 10$ NaOH,
resulting in a dark red solution; the solution was acidi-
fied with 50$ acetic acid; the precipitate obtained was
recrystallized from 95% ethanol. The chemical and physical
constants are listed in Table 1. UV, IR, and proton and
C-13 NMR spectra are shown in Figs. 5, 6, 7, and 8, re-
spectively. The assignments for each of the characteristic
peaks in the IR spectra are listed in Table 3-
(X) 2,4,6-tri-(p-hydroxystyryl)pyridine
(2,4,6-T-(p-OH)SP)
CH=C OHH=CH
A mixture of collidine (0.2 mole), p-hydroxybenzal-
dehyde (0.9 mole),, and ZnClp (0.006 mole) was refluxed
for 15 hours (175-180 °C) in a nitrogen atmosphere. After
15 hours, 200 ml of ethanol was added followed by dilution
20
with 20 ml of 0.2N HC1. The p-hydroxybenzaldehyde
was removed by steam distillation. Thirty ml of 0.2N
NaOH was added to make the solution basic. This was
followed by steam distillation again to remove excess
collidine. The viscous residue was extracted with ether
and then evaporated. The solid product was dissolved in
20 ml of 0.1N NaOH solution, reprecipitated after
acidification with 50% acetic acid, and recrystallied from
95% ethanol. The chemical and physical constants are
listed in Table 1. UV, IR, and proton and C-13 NMR spectra
are shown in Figs. 5, 6, 7, and 8, respectively. The
assignments for each of the characteristic peaks in the IR
are shown in Table 3-
II-C. Ultra-Violet Spectroscopic Studies
(a) Styrylpyridlne and their derivatives
Ultra-violet absorption spectra of 1.0 x 10~5 to
1.0 x 10~ M styrylpyridines and their derivatives in purified
20
methanol were obtained from a Beackman Acta III
Spectrophotometer. The wavelengths of this photometer
were calibrated with the absorption band from 360 my to
260-my of methanol.
(b) Kinetic study on the formation of 2-styrylpyridine
and H-styrylpyridine
A 500 ml three-neck-flask was fitted with a
thermometer and a condenser with a drying tube. All the
21
equipment was dried and flushed with nitrogen for 10
minutes. Picoline (9-90 ml, 0.1 mole), benzaldehyde
(203-3 ml, 2 mole), acetic acid (28.7 ml, 0.5 mole),
and acetic anhydride (^7-2 ml, 0.5 mole) was placed in
the flask. The mixtures were heated at constant tempera-
ture by using an oil bath with a heat controller. The
solution changed to light yellow in a few minutes and
subsequently to dark brown. At various Intervals, 5 ml
of solution from the reaction vessel were pipetted into a
50 ml volumetric flask and diluted with methanol to 50 ml
(solution A). Subsequently, 0.1 ml of solution A was
pipetted into a 100 ml volumetric flask and diluted with
methanol to 100 ml (solution B). The final concentration
of solution for the various styrylpyridines was about
-^  -61.0 x 10 J to 1.0 xlO M. The UV spectrum of solution B was
then taken and the absorbance of the spectral maximum of
each styrylpyridine was measured (303 m^ for 4-styryl-
pyridine and 310 my for 2-styrylpyridine). This absorbance
at different times (A,) is proportional to the concentra-
U
tion of styrylpyridine at time t, since the system
exhibits no absorbance at these wavelengths at t=0. In
view of the large excess of the benzaldehyde reagent, the
reaction may be assumed to be a first order reaction and,
thus, the reaction rate can be obtained from a plot of
Aoo - AtIn again time (hours), were A is the maximum
A - A
oo o
22
absorbance of styrylpyridine at infinite time and can be
calculated from the initial concentration of picoline. The
results on reaction rate studies are shown in Figures 9
and 10, and Table 4.
(c) Yield study on the formation of 2,4-distyrylpyridine
and 2,6-distyrylpyridine
The procedures were the same as those in II-C(b)
except that almost equivalent weights of the starting
materials were used. For example, lutidine (0.086 eq.),
benzaldehyde (0.1030 eq., a slight excess), acetic acid
(0.086 eq.), and acetic anhydride (0.086 eq.) were placed
in the flask. The mixtures were heated 'at 130°C by using
an oil bath with a heat controller. At various time
intervals, the reaction solution was precipitated by add-
ing water, and the product recrystallized from n-hexane
The results of the distyrylpyridine yield formation are
shown in Figure 11.
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Fig. 9. Determination of the rate constant for the reaction of
2-picoline with excess benzaldehyde in acetic acid and
acetic anhydride at various temperatures (A) 100°C,
(B) 1100C, (C) 120°C, (D) 1300C, and (E) 145QC.
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Fig. 10. Determination of the rate constant for the
reaction of 4-picoline with excess benzaldehyde
in acetic acid and acetic anhydride at various
temperatures (A) 100°C, (B) 110°C, (C) 12C°C and
(D) 130°C.
Table 4. The rate constant for 2-picoline and 4-picoline at
different temperatures.
rate constant (sec" )
Temperature 2-picoline 4-picoline
145°C 8.47 x 10~6 9.56 x 10~5
130°C 5.64 x 10~6 7.33 x 10"5
120°C 4.30 x 10~6 . 6.22 x 10~5
110°C 3-11 x 10~6 6.57 x 10~5
100°C 1.25 x 10~6 4.44 x 10~5
26
Yield
10%
Figure 11.
2 4 6 8 1 0
Tim* (hour) .
Yield percentage of . (A ) 2,4DSP, and fe J 2,6DSP
(isolated from condensation reaction).
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Continued from Pig. 11.
Yield percentage of 2,4-DSP and 2,6-DSP.
(The products were isolated from condensation reaction)
component
$yield
time 2,4-DSP 2,6-DSP
2 hr 0.12 0.17
4 hr 0.78 1.66
6 hr 1.02 4.12
8 hr 2.27 7.66
10 hr 3-25 16.46
28
III. RESULTSNAND DISCUSSION
A. Ultra-Violet Spectroscopy
Pure compouds of the methyl pyridine series are
particularly diffcult to prepare, partly for the follow-
ing reasons: (1) there are no conventlent synthestic
21
methods , (2) they have similar boiling points and
22(3) they are difficult to free from water. Purvis ,
at an earlier date, had commented upon the large number
of near coincidences in the wavelengths of bands in
2^pyridine and picoline. Kohlrausch J showed that a
3-picoline sample contained 2,6-lutidine even after
extensive treatment. Therefore, for this study the purity
Oil
of the samples was established by freezing point ,
followed by vacuum distillation. Figs. 12, 13, and 14
show the UV spectra of pyridine, 2-picoline and 2,6-
lutidine in H20, 0.2N HgSO^, 0.IN NaOH and a mixture of
acetic acid and acetic anhydride in methanol. There was no
particular shift in the position of the maximum wavelength
in the different solvents for each component as Herington
21had reported . However there was a small shift in the
position of the main peak at 290 my to longer wavelengths
due to the different methyl positions on the pyridine
ring, in the order, pyridine> 2-picoline> 2,6-lutidine.
25Brown and Barbaras have discussed the relationship
between structure and basicity in the methyl pyridine
series pointing out that inductive effects and resonance
29
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Figure 12. Ultraviolet spectra of pyridine in different solutions:
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and acetic anhydride in methanoi.
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Ultraviolet spectra of 2,6 Lutidine in different solvents:
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effects will change the relative base strengths of the
methyl pyridines. Therefore,- inductive and resonance
effects increasing electron density on the nitrogen atom,
and causing TT >ir* (or n >TT* ) transitions, result in
this shift to longer wavelength.
It is well known that increasing the number of
benzene rings (chromophoric groups) in a molecule shifts
the position of maximum wavelength if the additional
chromophoric groups are conjugated with the initial absorb-
*-) f-
ing system . In the case of our pyridine derivatives, one
absorption maximum of 2,4-di-(p-styryl)pyridine (2j4-DSP),
2,6-di(p-styryl)pyridine (2,6-DSP), and 2,4,6-tri-(p-
styryl)pyridine (2,4,6-TSP) was at the same wavelength as
the 2-styrylpyridine (2-SP) and 4-styrylpyridine (4-SP) as
shown in Pig. 1. In 2,4-DSP and 2,6-DSP, a second
absorption peak was observed: a principal band occured
at 290 my for both compounds and a subsidiary band which
occurred at 310 my and 355 my , respectively, associated
with forms in which there is increased or decreased electron
density on the nitrogen atom and a positive ornegative charge
delocalized over the remaining portion of the molecule.
This is illustrated below:
33
0- £/*ZH-CH=( 1--
The role of subsitituents and their effect on
charge distribution can be seen from the position
of the maxima absorption for 2-(p-hydroxystyryl)pyridine
(2-(p-OH)SP), 4-(p-hydroxystyryl)pyridine (4-(p-OH)SP),
2,4-di-(p-hydroxystyryl)pyridine (2,4-D(p-OH)SP, 2,6-
di-(p-hydroxystyryl)pyridine (2,6-D(p-OH)SP), and
2,4,6-tri-(p-hydroxystyryl)pyridine (2,4,6-T(p-OH)SP).
These compounds show maximum absorption at 325- 10 my
(Pig. 5). The shift of the maximum wavelength toward
longer wavelength compared with the unsubstituted
styrylpyridine may be attributed to both an increase in
the number of resonance structures of the absorbing system
and the increased charge separation due to electron
donating properties of the hydroxyl group and electron
accepting properties of the nitrogen atom. This is
illustrated below:
n-o-
B. Kinetic Study
Although the mechanism of the condensation of
picoline methiodides with aromatic aldehyde (eq. 1) has
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been reported by A. P. Phillips , Knoevengel claimed
that active hydrogen in 2-picoline can be removed by a
base, followed by condensation with aldehydes usually not
containing an a-hydrogen. In the presence of acetic acid
and acetic anhydride solution, the acltve hydrogen in
2-picoline cannot be removed by an acid catalyst. Therefore,
summarizing these two proposals, a resonable reaction
sequence is shown below:
-»- H*
H,
taulonierisin
I
H
eq. 2
slow step
// \ eq. 3
H* transfer
r'l
H OHyr=rv dehydration
H H
CH=CH-
H V=/ "  \S_y •" \_//
In acidic medium dehydration of the intermediate was
faster than its formation, so the rate determining step
is the formation of the intermediate shown in eq. 3
The rate for equation 3 can be expressed by
eq.
rate = k (benzaldehyde)( ), and the
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eeauilibrium constant for equation 2,
Q.
K = 7
 3 and thus
eg
 (picoline) (H )
rate = k K (picoline) (H ) .(benzaldehyde) eq. 5
eq
Since the acid catalyst is not consumed and
benzaldehyde was used in twenty-fold excess during
the entire reaction, the concentrations of benzaldehyde
and acetic acid can be considered constant, and the
rate coefficient can be rewritten to give
fe'= k Ke (H+) (benzaldehyde)
Thus, the rate law was simplifed to
d(picoline)
rate = =-fer (picoline) eq. 6
dt
Since this is a pseudo-first-order rate law, eq. 6
could be intergrated directly. Noting the concentration of
(picoline) at t=0 and at a subsequent time, (picoline). ,
O T-<
then
-'{In (picoline). - In (picoline) > = fe' t.
u O
The concentration of picoline at time t can be measured
from the difference between the ultraviolet absorbance of
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2-styryipyridine at time t and infinite time t^ . Therefore,
the apparent activation energy refers to fe' rather than to
k, and fe' contains K and k.
eq
The equilibrium constant (K ) is a function of
temperature. In order to obtain the activation energy for
2-styrylpyridine and 4-styrylpyridine, equation 6 was
simplified bt assuming that the equilibrium .constant is
independent of temperature because of the relatively small
differences in reaction temperatures used in our study
(100°to 145°). The activation energy Eo from
CL
k' = A exp (-E /RT) eq. 7
Cl
was determined by a plot of log k'vs 1/T (Pig. 15). From
Table 5, it can be seen that the rate of the 4-picoline
reaction with benzaldehyde was faster than the corresponding
2-picoline under the same conditions. The increase of the
rate of 4-picoline as compared to 2-picoline is also
characterized by a decrease in the activation energy (Table
5) due to increased inductive effects. This may arise not
only from ionic charges but also from the action of dipoles
29
within the reacting molecules . Electron shifts associated
with inductive effects of 2-picoline and 4-picoline may be
represented as:
total
inductive
effect
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Figure 15 Ln of the rate constant for the condensation reaction of
(A) 2-picoliae, (S) 4-picoline with the excess benzal-
dehyde in acetic anhydride as a function of 1/T.
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Table 5« The acivation energy for the condensation
reaction of the different picolines with
excess benzaldehyde in acetic anhydride.
2-pieoline 4-picoline
activation
energy 3^.l4KJ/mole 20.38 KJ/mole
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Therefore, the total positive inductive effects of the M-
picollne molecule is greater than of the 2-picoline.
Hence, the 4-picoline will facilitate the removal of the H
ion from the methyl group or hinder its return to the methyl
group. This allows the intermediate to form quite readily.
The yield of distyrylpyridine under the same reaction
conditions was 2,6-DSP> 2,4-DSP (see Fig. 11). The upward
curvature of the plots is expected since monostyrylpyridine
has to be found before the distyryl derivative. Applying the
inductive effect explanation to predict the yields of 2,4-DSP
and-2,6-DSP, the order should be 2,4-DSP > 2,6-DSP because the
4-picoline on the pyridine ring was more reactive than the
2-posltion. However, the results were opposite to this. A
possible explanation may be that the negative inductive
effect of styryl ( -c=c-^Cj) ) ln the ^-position.
Further reaction of the intermediates may also provide an
exnlanation of the excerimantal results.
H=C
2-methyl-ij-styrylpyridine 2-methyl-6-styrylpyridine
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There was only one-possible way to form the intermediate
of 2,4-lutidine, while the intermediate of 2,6-lutidine
may be formed in two ways. The styryl group could act as
an electron withdrawing group ( negative inductive effect),
making it difficult to remove the H ion from the methyl
group for the next condensation. On this basis, the
order of di-styrylpyridine yield would be 2,6-DSP> 2,4-DSP.
C. The Thermal Analysis Study of Various
Styrylpyridine
The chemical bonds in the backbone of the molecule
have certain bond energies which can be calculated from
their corresponding dissociation energies, because the
thermal stability of the molecule is related to the
dissociation energies of the various bonds. Several
factors may contribute to bond energies:
1. Secondary'or Van der Waals bonding forces,
which determine the cohesion or the forces of attraction
between the chain molecules.
2. The resonance stabilization of certain cyclic
structures such as benzene, pyridine, naphthalene, etc.
3. The type of reaction which occurs after bond
cleavage. If the activation energy of the next reaction
step is high, recombination may occur.
Therefore, bond strength (bond energy) can serve
as a guide for the synthesis of polymers of high thermal
stability.
The thermogravimetric analyses of various styryl-
pyridine compounds under nitrogen are shown in Figs. 14
and 15- The weight loss and'decomposition temperature
increased as the number of conjugated double bonds and
phenyl groups increased. This can be explained by re-
sonance stabilization which also was confirmed by van
Krevelen's suggestion that phenyl groups and double
bonds contribute to char-formation tendency(CFT). Also,
for the styrylpyridine system, Diels-Alder reactions may
occur during thermal degradation, resulting in the formation
of highly-crosslinked char. The 2,6-DSP has a greater
tendency to form a highly crosslinked char than 2-S?
because 2,6-DSP behaves as if it were "polymerized"
through the Diels-Alder reaction between the double bond
and another molecule containing the pyridine group.
Hydroxystyrylpyridine showed increased Diels-Alder reaction
when.compared to unsubstituted styrylpyridines. This
indicated that the hydroxy group promotoed the Diels-Alder
reaction ( "polymerized" ) of these derivative styryl-
pyridine.
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IV. CONCLUSION
The mechanism of the reaction of methyl pyridine
with benzaldehyde involves the transition state:
H
Acetic anhydride was one of the most effective Lewis aid
catalysts for this reaction, since it allowed formation
of increased product with high purity. The order of
reactivity of methyl pyridine measured by the yield of
styrylpyridine under the same conditions was 4-picoline>
2-picoline. The 2,6-DSP was produced faster than the 2,4-DSP
from the corresponding lutidines. Positive inductive effects
in picoline caused accelerated removeal of the H ion from
the methyl group. Negative inductive effects in lutidine
(since the intermediate is methyl pyridine, and the styryl
group is acting as an electron withdrawing group) cause
decreased removal of the H ion from the secondary methyl
group.
The activation energy of the condensation reaction
between different methyl pyridine compounds and excess
benzaldehyde, as measured by ultra-violet spectrophotometry,
is found to be 34.14 KJ/mble for 2-picoline and 20.38 KJ/mole
for 4-picoline. The yield of styrylpyridine increased
with increasing reaction time and temperature.
The maximum wavelength was not greatly shifted by
substituting another styryl group on the pyridine ring,
but the hydroxy derivatives of styrylpyridine showed a
large shift in the position of the maximum wavelength
as compared to styrylpyridine. This was explained by
an increase in the number of resonance structures in the
absorbing system and the easier charge delocalization
due to the electron donating properties of the hydroxy
group.
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PART II. SYNTHESIS, CHARACTERIZATION AND THERMAL
STABILITY OF STYRYLPYRIDINE BASED POLYMERS
PART II: Synthesis, Characterization and Thermal
Stability of Styrylpyridine Based Polymers
I. INTRODUCTION
The rapidly growing use of polymers in a variety of
applications has created a great deal of concern for their
performance with regard to their properties and character-
istics such as flammability, high impact, polymer-polymer
compatibility, photostability, etc.
Initial goals in flammability research have focused
on the use of additives in polymers. More recently, the
research has concentrated on the structure-flammability
relationships and their application in the synthesis of
high-temperature resistant polymers which inherently
possess improved flammability behavior.
One objective of this research was to utilize the
polystyrylpyridine (PSP) structure in designing new and
better flame resistant polymers. The PSP unit has cer-
tain structural features which meet the general criteria
for good flammability behavior in high temperature systems.
The structural characteristics of polymers possessing
high temperature stable properties are: (1) strong
chemical bonds in the polymer backbone, (2) no rearrange-
ment capabilities, (3). maximum resonance stabilization
and, (4) lack of ring strain . Epoxy resins, polyesters,
U9
polycarbonates, and polymeric triazines containing PSP
units were systematically prepared to study their flam-
mability and thermal degradation behavior.
The developments in tlearea of organic photochemistry
have given assistance to the interpretation of photode-
gradation processes and to the search for novel methods
of UV stabilization. In this study, the photodegrada-
tions of styrylpyridine based arylates have also been
investigated and interpretations were based on
spectroscopic observations.
A. Flammability of Polymers
A brief description of the process leading to polymer
?
combustion can be shown by the following scheme:
Decomposition
Combustion
Burning
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If Q, is the heat transferred to the polymer, and
if it is larger than the bond strength within the polymer
backbone, then the polymer will begin to decompose. As
the polymer decomposes at least two categories of pro-
ducts may be formed: (1) low molecular weight products
which contain the combustible gases, and (2) highly
crosslinked C-C bonded char. If the concentration of
combustible gases and oxygen is high enough, the combus-
tible products will ignite and the polymer will burn.
The burning process generates additional heat, Q2, which
is transferred to the polymer itself. If Q2 is larger
than Q,, the polymer undergoes further decomposition,
ignition, and combustion. This cycle continues until
the polymer is completely consumed.
Flame retardation can be achieved by interrupting
the burning process at one of the stages shown in the
above scheme. At stage A decomposition of a polymer is
usually initiated by breaking the backbone to form active
free radicals. This process can be interrupted by the
formation of a strong chemical bond in the backbone which
results from a high maximization resonance energy of ring
or double bond character. Materials used in the stages
B and C to prevent ignition and combustion usually are
the chemicals which generate non-combustible gases, such
as H20, HX, C02, and NH3 upon decomposition. These non-
combustible gases may act as gas phase diluents for the
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combustible decomposition products obtained from the
polymer. In addition, the structures remaining in the
condensed phase can form highly crosslinked C-C char
during the decomposition. The minimized diffusion of
oxygen and volatile, combustible small molecules back
into the polymer matrix and the reduction of heat trans-
ferred from the flame to the polymers have decreased the
flame retardant properties of polymer . Flame inhibitors,
such as C02 , H20 , HX , X~ ., ate., in stage C can decrease
the amount of heat (Qp) transferred to the polymer in
stage D.
There are many ways to measured the flammability of
materials. A test that has been widely used in the labora-
tory since its initial development in 1966 in the Oxygen
ii
Index Test (01) . The char yield test, is also quite
reliable for systems in which char formation is the
preimary mechanism .
In general, the polymeric material increases its
thermal and heat resistance with increasing aromatic ring
content in the repeating units. A high char yield was
shown to be related to a decrease in flammability and
can be correlated to an increased oxygen index . An
increase in char formation usually, decreases the production
of combustible carbon-containing gases. These systems
also show a decrease in exothermicity, and thermal
52
conductivity at the surface of the burning material .
The char formation and oxygen index have been shown to
depend on the structure of the polymer backbone as well
as on a variety of substituent effects ' .
B. Styrylpyridine Based Polymers: Epoxy Resins
B-l. Epoxy Resin Preparation and Determination
of Their Structure
8
Epoxy resins can be synthesized by various methods .
Two important methods are: (1) a mixture of diol and
epichlorohydrin is heated to about 60°C and solid sodium
hydroxide is added slowly. The properties of the epoxy
resin (made by the "taffy process") , such as the equivalent
9
weight
 t softening temperature and specific gravity ,
depend on the initial feed ratio of the epichlorohydrin
to diol. (2) A mixture of diol and epichlorohydrin is
heated to 60 C, in the presence of a basic, catalyst which
formation of higher molecular weight epoxy resin. Thic
is the "fusion process". . A major difference between the
two processes is the degree of polymerization (n) . In
the "taffy process" n is a series of numbers (n=0,2,3,
. . .), in the fusion process n is an even number (n=
0,2,4,6, . . .).
Lee first synthesized a nitro-substituted epoxy
resin by epoxidizing a bisphenol prepared from a distyryl-
benzene derivative. Epoxy resins containing nitro group
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substituents can be used to formulate pyrotechnic
binders. Also, some nitro epoxies are known to char
heavily when burned ' . Possible high temperature
chemical reactions between the double bonds in the back-
bone to account for this were not mentioned.
The infrared spectrum of epoxy resin was obtained
by FT-IR. The characteristic bands at 1250 cm"1 and
950-810 cm"1 are due to symmetric and assymetric
stretching of the epoxy ring (C-C). Unfortunately, the
band near 1250 cm"1 overlaps with the phenoxide group
( \C//~0) asymmetric stretching band. The band near 910
cm"1 may be characterized as an epoxy ring stretching
vibration.
In order to understand the structure of epoxy resin
prepared from 2,6-di-(p-hydroxystyryl)pyridine with epi-
chlorohydrin in NaOH solution, liquid chromatography was
used to purify the epoxy resin. For identifying the
actual structure of -the epoxy resin, FT-IR and C-13 NMR
spectroscopy were applied.
B-2. Determination of Epoxy Equivalent Weight (EEW)
Epoxy resins were analyzed for epoxy or oxirane content
which is reported as epoxy equivalent weight (EEW), i.e.,
the weight of resin in grams containing one gram equivalent
of an epoxy group.
If the epoxy chains were assumed to be completely
linear with no side chain and possessing terminal epoxy
groups, then the EEW would be one half the average mole-
cular weight of a diepoxy resin and one-third of the
14
average molecular weight of a triepoxy resin
Analytically, epoxy resin groups are determined by
the reaction with hydrogen bromide in glacial acetic acid and
by back titration with standard base ' . Other function-
al groups present may cause interference problems and
result in a poor end point. Pyridium chloride-pyridine
is a recommended reagent for the analysis of bisphenol
diglycidyl ether resin ''
Other methods of characterization include infrared,
near infrared spectroscopy , proton and carbon-13
nuclear magnetic resonance . Each method has individual
advantages that depend on the characteristics of the resin
such as the extent of undesirable side reactions and the
presence of impurities and additives in the commercial
resins which may interfere with the desired reactions.
21M.G. Rogers has found that an estimation of the
number of branches in the molecule can be obtained from
proton NMR. It is assumed that branches occur only through
hydroxy groups so that for every branch point in the
non-linear molecule there is one hydroxy-carbinol methine
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pair less than in the linear molecule of equal molecular
22
weight. Trichloro acetyl isocyanate has been used
to react with the hydroxy group and thus to produce a
downfield shift of the associated methylene and methine
proton NMR. Therefore, if N is the number of branch
points, then the number of carbinol methines in a branched
molecule is equal to n-N, where n is the number of repeat
units and the number of benzylic methyl protons in the
molecule is (6n + 6). Thus:
N = n-6A(n + 1)
inhere A is the area ratio of the carbinol methine protons
to the benzylic methyl protons. The disadvantage of this
method is that n must be known.
A proton NMR method to determine the epoxide equivalent
weight (EEW) has been developed for commercial epoxy res-
19ins . The precision and accuracy of determining EEW by
proton NMR is the same as by the conventional ASTM method.
The proton NMR is advantageous over ASTM because it can
be carried out in a shorter time period, is free of inter-
ferring chemical reactions, and requires a small amount
of the sample. However, the overlap of proton NMR signals
due to the internal solvent and the epoxy resin may pre-
sent some difficulty in the choice of a suitable internal
standard.
In order to obtain the EEW of styrylpyridine based
epoxy resin, carbon-13 FT-NMR is applied and the inter-
pretation of calculations is based on the proposed equation.
B-3. Curing Agent-Trimethoxyboroxine (TMB)
1MB has been applied as a curing agent for epoxy resins
23 24
and is useful in encapsulating of electronic compounds ' ,
"? ^  9 A 7 7 ? 8
aircraft panels » and epoxy resin forms ' . Brunner
and Waghorn first used TMB to cure DGEBA (bisphenol A
and epichlorohydrin) and obtained a hard coating which was
useful for encapsulating electronic components. Later,
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Lee and Neville investigated this epoxy resins and
concluded that TMB is an anhydride and can be used as a
primary curing agent or a co-curing agent for epoxy resins.
Recently, Lopata and Riccitiello have studied the DGEBA-
boroxine system by differential thermal analysis (DTA) and
observed the characteristic exothermic peak (uncured and
cured with TMB) between 300-400°C, with the major exo-
therm at 430°C. . Furthermore, the kinetics of the
TMB-induced thermal polymerization of epoxy resins have
been studied in order to understand the polymer structure
of epoxy resins (crosslinked) with TMB. The result is
based on the model compound phenylglycidyl ether (PGE),
since the epoxy resin produces a three-dimensional gel
netxvork structure early in the cure cycle. The proposed
mechanism involves five steps (Figure 1),
' 57
Figure 1. The mechanism for the trimethoxyboroxine-induced thermal
polymerization of phenyl glycidyl ether.
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Sci., 21, 91 (1977).
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each step was supported by IR and proton and Boron NMR.
Lin and Pearce have studied highly crosslinked di-
glycidyl ether of epoxy resins with good thermal stability
by curing these with 1MB. They have found that the react-
ivity of three different resins toward 1MB as measured by
differential scanning calorimetry (DSC) was DGEBA (digly-
cidyl ether of bisphenol A) > DGEBF (diglycidyl ether of
phenolphthalein) > DGEPP (diglycidyl ether of 9,9-bis-
(4-hydroxyphenyl) fluorene). For the same curing conditions
the order of crosslinking density was DGEBA > DGEPP >
T ?
DGEBF. Furthermore , the proposed mechanisms of thermal
degradation of compounds cured with TMB was supported by
studies using FT-IR under various conditions.
Cured glycidyl ethers of various styrylpyridines with
TMB have been studied by thermal analysis to understand
the effect of the double bond in the backbone in thermal
properties.
B-4. Thermal Stability and Degradation Mechanism
The thermal stability of a material is identified by
a specific temperature, without reference to the test
method, surrounding atmosphere, and time involved ' '
The softening temperature has been used as a measure of
the thermal stability of a material, wi.th a higher tem-
perature usually, but not always, being indicative of
increased thermal stability. This process is reversible
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and a function of temperature only. Another mechanism
is to irreversibly decompose the structure \tfith heat.
This process is both temperature and time dependent.
Therefore, the thermal stability of a material can be
expressed either by temperature or by a temperature-time
unit limit in which the material can be used .
Thermal stability is related to the dissociation
energies and thus to the decomposition temperatures of a
polymeric material. In the past decades, intensive re-
search has been undertaken to improve the thermal stability
of existing polymers by introducing structural modifications
to increase the dissociation energy or by synthesizing an
entirely new class of inorganic and organic-inorganic
polymers . These polymers may be characterized by higher
decomposition temperatures and greater char formation,
which may be related to the polymer oxygen index.
W. W.Wright's conclusions regarding the relationship
between structure and thermal stability are as follows:
(1) p-linked rings give the highest thermal stability.
(2) Substitution of any group for hydrogen on the
ring normally reduces stability.
(3) Stability is reduced by the presence of flexible
linking groups. Of those investigated the least
deleterious are -CO-, -COO-, -CONH-, -S-, -SO-,
and -0-.
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(4) The best heterocyclic polymers have stabilities
equivalent to that of poly-p-phenylene.
Therefore, polymers of higher thermal stability (i.e.
heat resistant and thermal resistant) can be obtained by
increasing the bond strength between atoms in the main
36
chain , adding some degree of aromatization and cycli-
zation during the thermal reaction, curing with an
effective agent to increase surface conductivity during
32 37the burning , or forming a cardo polymer
In order to obtain polymers of high thermal stability,
the styrylpyridine based epoxy resin was prepared, and
then cured with TMB. The degree of thermal stability was
based upon the TGA and 01 results.
Degradation is an irreversible chemical process. An
understanding of the degradation mechanism may show the
importance of the particular chemical structure for the
stabilization of the polymer.
There is much literature concerning oxidative thermal
38 39degradation of epoxy resins ' . The most important pro-
posed degradation mechanisms are shown in Figs. 2-4.
These were supported by the analyses of the final products
using the mass spectrometer, thermal analyzer (TGA, DTA)
and infrared spectrometer. Thermal analysis including
DTA and TGA, yields some information on thermal stability,
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Figure 2. Degradation scheme of epoxide proposed by Neiman,
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M. B. Neiman, B. M. Kovarskaya, L. I. Golubenkova,
A. S. Strizkova, I. I. L'evantoskaya, and M. S. Akutin,
J. Polyra. Sci., 56, 383 (1962).
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Figure 3. Degradation scheme of epoxide proposed by Anderson
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H. C. Anderson, J. Appl. Polym. Sci., 6, 484 (1962).
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but, does not provide enough information for interpreting
the degradation mechanism route. The final product analy-
sis may lead to an erroneous degradation mechanism because
other interim reactions may have occurred. Conventional
dispersive IR spectrometry may overcome some of the diffi-
culties of product analysis and may be able to show
chemical changes during the degradation process. However,
due to its low sensitivity, the characteristic bands may
overlap with the strong absorption band of the major com-
ponent, and hence it is difficult to detect the relatively
small changes of the bands in the position.
FT-IR has been used to study the oxidation and thermal
degradation of polybutadiene » ' , and the oxidative
thermal and photo degradation of various epoxy resins
9 &(DGEBA) . The information on degradation mechanism may
be obtained by examining the difference between the spectra
of the pure polymer and the oxidized or photo-
degraded polymer.
In this study, FT-IR is used to understand the mecha-
nisms for the thermal degradation of 2,6-DGESP by
interpreting the characteristic peak changes occurring
during the thermal degradation.
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C. Styrylpyridine Based Polymers: Polyarylates
C-l. Flammability Study
In polymer chemistry, it is important to establish
the relation between structure and property of a polymer.
Only when this is known can we prepare polymers having
properties specified in advance.
It is known that an increase in char yield is usually
associated with improved flammability behavior . This
can be understood if one considers that the volatile flam-
mable producrs can only diffuse with difficulty through a
char layer, and that thermal conductivity of a char layer
is relatively poor . The structure of the polymer can
contribute to the amount of char formed based on the charac-
ter of the functional groups present and the nature of the
backbone ' .
42
Ritchie found that for a series of unsaturated poly-
esters and their copolymers, the temperatures at which
carbon dioxide is eliminated lie in the range 280-345 C
depending on the structure of the polyester. Aliphatic
polyesters and their copolymers have less thermal stability
than the polyarylates. Z. Jedlinski has studied the
influence of chemical structure on fourteen aromatic co-
polymers, containing naphthalene rings in the backbone,
and found that the thermal stability increases as the
number of condensed naphthalene rings increased and the
66
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symmetry of the copolymer chain increased. van Krevelen
2 5
and Parker have correlated char yield with the aromati-
45
city of polymers. Lin and Pearce have confirmed the
general relationships between char yield and oxygen indices
for phenolphthalein related polyesters and polycarbonates.
In this study, styrylpyridine based polyesters,
polycarbonates and their related model compounds were
synthesized and characterized by TGA and 01 to determine
the effect of structure on thermal stability.
C-2. Photo-Stability and Fries Rearrangement
Polymers containing certain chromophores can absorb
light to undergo photochemical reactions involving the for-
mation of free radicals, photoionization, cyclization,
intramolecular rearrangement, and fragmentation. These
can cause discoloration, extraction, distortion, shrink-
age, surface cracking, and electrical failures of the
polymeric material. These effects will affect the color,
toughness, tensile strength, and the mechanical and elec-
trical properties of polymers. In order to prevent these
failures, many polymers have been protected against photo-
degradation by the addition of stabilizers. These
46
stabilizers fall into three general types : light screens,
ultraviolet absorbers,'and quenching compounds. Studies
on stabilization mechanisms show that these substances must
be compatible with the polymer and stable to ultraviolet
67
irradiation,- and elevated temperature . Finding
stabilizers with such properties is often a difficult
problem. Thus, the synthesis -of polymers capable of
self-stabilization due to some structural feature or to
stabilizing groups inherent in the molecule has received
considerable attention in recent years '.
The energy of photons from sunlight may be sufficient
to break many of the single bonds encountered in poly-
meric systems. Chemical reactions thus can be one mode
of dissipation of absorbed electronic energy. However,
in addition to photochemical processes, there are a number
of radiative and non-radiative photophysical processes
that do not lead to a net chemical reaction yet are alter-
nate modes for dissipation of absorbed energy * (Fig 5),
In a major photostabilization process, all the ex-
citation energy must be dissipated by only photophysical
processes. Let us consider the mechanism of the photo-
stabilizer in photophysical processes in more detail.
For UV absorbers, the mechanism is to convert elec-
tronic energy into vibrational energy by a radiationless
route without a change in spin multiplicity (S,—>-So,
S2 > S-.) . It has been found that o-hydroxybenzbphenones
4 8(III) are common UV absorbers .
Figure 5. Photophysical processes of molecules.
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2nd Single:
lit SingKt
2nd Triplet
Grauno state Ground suit
.- • ' Excited states and photophysical transitions between these states in a
"typical" organic molecule. Radiative transitions between states are given by solid
lines, radiaiionless processes by wavy lines; 1C = internal conversion, ISC = inter-
system crossing. Vertical wavy lines are vibrational relaxation processes. Vibrational
and rotational levels are shown approximately equally spaced for convenience in
presentation. Actually they blend into a continuum a: large quantum numbers.
Higher electronic states exist but are omitted for convenience. Photodissociation and
possible relationless transitions from upper vibrational levels of the excited states have
oeen omitted for simplicity of presentation.
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.•H
N,
N'
(A) (B)
o-hydroxybenzophenones o-hydroxyphenyl-
benzotriazoles
(C)
silicylates
All these compounds have a common structural feature,
the intramolecular hydrogen bond, which can efficiently
deactivate the electronically excited states of the ultra-
violet absorber. The mechanism of this phenomenon can be
interpreted as an intramolecular charge-trasnfer transi-
tion55'56.
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The photo-self-protective (Photo-Fries) mechanism
involves the dissipation of energy by.. a molecuTar. re.arrange-
57
ment following the absorption of ultraviolet light
The mechanism is shown below:
.•H
resorcinol mono-
benzoate
I is almost as effective as o-hydroxybenzophenone
in dissipating damageable UV light because monobenzoate
is converted by sunlight into o-hydroxybenzophenone by a
Photo-Fries rearrangement.
It has been known that the polymers containing the
same choromophores as the low molecular molecules just
discussed above have similar photo-chemical reactions58
Many Fries-arrangements of the polyaryesters
52
51,59,60
and polycarbonates""' to o-hydroxybenzophenone have been
studied in recent years. The reaction scheme is the
following:
H
•71
A Friedel-Crafts type inter-chain electrophilic aromatic
substitution also can occur
This effect can decrease the formation of o-hydroxybenzo-
phenone.
During the course of this project, the chemical changes
which occur during UV irradiation of the styrylpyridine
based model compound of the ester and carbonate were
investigated. The results obtained from the model com-
pounds provide information about the mechanism of
rearrangement in polymers, and for less sterically hindered
systems information concerning dimerizatioji and isomeri-
zation may also be obtained.
D. Styrylpyridine Based Polymer: Triazine (PST)
Research on the polycyclotrimerization of monomers
containing multiple carbon-nitrogen bonds has been widely
developed only during the past decade due to technological
demands for high heat-resistant and thermally stable
polymers. The construction of the space shuttle resulted
in some of the most notable applications of these polymeric
materials to technology.
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Numerous subsequent studies established that
the cyclotrimerization reaction is more readily undergone
by nitriles with electronegative substituents in the
a-position relative to the nitrile group. Electronegative
substituents lower electron density at the carbon atom of
the nitrile group and hence electrophilic reactivity of
such nitriles . Compounds containing the C=N group
tend to form stable cyclic trimers because trimerization
involves decreased bond enthalpy. In addition the cyclic
trimer is stabilized because the favorable valence angles
(about 120 ) ' create a PIT — Prr aromatic system with
high resonance energy67'68.
The mechanism of the synthesis of s-triazines from
nitriles has been proposed ' A possible mechanism
is70
R-C = N -f H+
R-C=N
R-C=N
R
trimer f R-CS-N-C=N-C=NH)iR
I
N
C-R
II
N
r
R
cyctotrjmerization
H-N
C-R
"
N
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It should be noted that the cyclotrimerization of ni-
triles may be accompanied by several secondary processes,
particularly, linear polymerization of cyano groups with
formation of an azomethine structure
Anderson first reported that aromatic dinitriles
form aromatic polymers containing the s-triazine ring in
the backbone. Thermostable polymers with triazine rings
formed from aromatic dinitriles under the influence of
chlorosulfonic acid (C1S03H) were obtained. The struc-
ture of polytriazines was characterized by the disappearance
of the C=N absorption band in the infrared (2264 cm" )
A 7 77
and the appearance of a new band at 1550 cm ' for
the C=N band in the s-triazine ring. Unfortunately, the
information obtained from the infrared spectra of the
polytriazines was uninterpretable because the absorption
of both the aromatic monomers and triazine link fall in
approximately the same region. Therefore, Anderson pro-
ceeded to hydrolyze the triazine in the presence of
concentrated hydrochloric acid and the product, a di-
carboxylic acid, was used to confirm the structure.
B. B. Wildi polymerized 2,4,6-tricyano-s-triazines.
This resulted in the formation of both the polyazomethine
(linear polymer) and polytriazine structure. Information
concerning the thermostability of these polymers was not
given. It was anticipated that polymers encapped with
nitrile groups or having nitriles pendant from the main
chain could be crosslinked by catalytic trimerization
to give the thermally stable triazine ring. J. Verborgt
adapted this idea for the syntheiss of crosslinked aro-
matic polyethers and polysulfones and found that the char
yield and viscosity increased dramatically.
In this study, FT-IR was used to examine the struc-
tural changes occurring as the nitrile functional groups
trimerize to form the polytriazine. In addition, the
thermal stability of various polytriazine isomers were
examined by comparisons at different reaction times.
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II. EXPERIMENTAL
A. Preparation of Diglycidyl Ether of Styrylpyridine
(DGESP)
A-l. Synthesis of Diglycidyl Ether of Styrylpyridine
A mixture of 5.0g (0.01587 mole) of 2,6-di(p-hydroxy-
styryl)pyridine and 12.4 ml (0.1587 mole) of epichlorohydrin
was heated to 90~100°C. During a period of 1 hour, 1.3 gm
of NaOH in 50 ml of water was added to the reaction mix-
ture with vigorous stirring. After adding NaOH, a "taffy"
yellow gum rose to the top of the reaction mixture. The
mixture was filtered. The coagulated yellow solid was
washed with hot water twice to decompose unreacted epi-
chlorohydrin. The resin was heated to 160°C under reduced
pressure (-ImrnHg) to remove water and unreacted epichloro-
hydrin. The reaction schemes for conversion of hydroxy-
terminated Styrylpyridine to glycidyl ether are shown in
Figure 6.
A-2. Characterization of DGESP - Liquid Chromatography
Silica gel with the mesh number 200 to 400 mesh ASTM
and particle size 0.040-0.063mm (E M reagents), and
chloroform (Fisher certified ACS grade) were used as
absorbent and elution solvent. The column employed had
an inner diameter of 2.5 cm and a height of 50.0cm. Ten
to fifteen grams of DGESP was dissolved in 100ml of
76
c
•H
T3
X
CM
(-H
X
•p
tn
o
^
o
X
4->
o
•H
0
X
<H&c
•H
a;j=
4-1
(U
£
0)X
u
VI
•H
tn
a;
c
X
v>
0)
\O
(N
5
3
QC
77
78
chloroform. Three different colors - red, yellow, and
pink, were observed in the column after elution. The
red colored material eluted first and followed by the
yellow material. The pink colored material stayed on
the top of the column. A higher acetone content elution
was then added in order to remove the slowly moving pink
material. The elution rate was 5ml per minute and the
solution was collected in 50ml portions. The first
portion (red color) contained a high content of epoxy
ring. The solvent was removed with the rotoevaporator.
The characterization data is shown in Table 1.
Epoxy Equivalent Weight Determination
Determination of the epoxy content of DGESP by the
ASTM method (15.76) failed to provide reproducible results
due to the reaction of hydrogen bromide with pyridine
and the ambiguous end-point upon titration.
The carbon-13 FT-NMR measurements in CDC1- of the
DGESP epoxy resins in 10mm o.d. sample tube were carried out
by NT FT-NMR 300 Spectrometer system. A 90° (lOysec)
pulse was used with gaged decoupling to depress the NOE
(number Overhauser effect) . The number of scans was 512.
The calculation of degree of polymerization is shown on
page 106..
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A-3. Thermal Cross linking Mechanism Study of DGESP
by FT-IR
The DGESP resins were dissolved in the chloroform
and then coated on an aluminum plate following by drying
in a vacuum oven for 24 hours (30 C). The aluminum plate
was mounted on the microheater in the reflectance attach-
*
ment of the sample compartment of the FT-IR spectrometer
(Fig. 7). Spectra were taken under nitrogen with con-
trolled temperature. The difference spectrum was obtained
by subtracting the two spectra of interest.
Digilab FTS-20B Fourier Transform Spectrometer.
A-4. Curing the Epoxy Resin (DGESP) with TMB and
Thermal Cured Epoxy Resin (without TMB)
TMB (Aldrich; 99%, bp 130°C, np°1.3996) was used as
the curing agent. In order to obtain consistent results,
9.5gm of TMB was mixed with 1 equivalent of epoxy
resin '. The mixture of the DGESP-TMB system was red
in color. The curing was carried out in a nitrogen filled,
sealed glass tube at 135°C for 3 hours, 180°C for 3 hours
and another 3 hours at 220°C.
The above procedure was applied with equal amounts
of epoxy resin (DGESP) using different equivalent weights
of TMB.
An equal amount of epoxy resin (DGESP) (O.Sgm) with-
out TMB was sealed in a glass tube under nitrogen followed
81
Figure 7. Schematic diagram of reflectance attachment
Where
M, , M_, M- and M. are reflectant mirror,
H, : heater
: holder
82
by heating at 200 C for various times.
A- 5 . Product Analysis
The products collected from the above preparations
were identified by C-13 FT-NMR and FT-IR spectroscopy
(Figs. 8-9, and Table 2). CDC13 (Aldrich; 99.8 atom %D,
GOLD LABEL) was employed as solvent. The infrared
spectra were obtained by KBr pellet. The endothermic/
exothermic peak (under nitrogen atmosphere with a flow
rate of 0.2 liter/min and a heating rate of 10°C/min)
and char yield (under nitrogen atmosphere with a flow
rate of 0.3 liter/min and a heating rate of 20°C/min)
of each component were studied using DuPont 910 Differ-
ential Scanning Calorimeter and 951 Thermogravimetric
Analyzer with 1090 Thermal Analyzer Record. Oxygen
Indices were taken by using a General Electric CR 280FM
11B Oxygen Index Flammability Gauge. The epoxy resin
was made into a pellet using a KBr die, and then placed
in a sample cup mounted on the cup holder in the flame
chamber. The mixture of oxygen and nitrogen was passed
upward through the chimney at a flow rate of 3 to 5 cm/sec,
The test followed the manual procedures78. The oxygen
index was obtained from the equation as follows:
'oi =
where Q and are expressed in volume units.
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Figure 9. The IR spectrum of various epoxy resins:
(A) 2,4-DGESP, (B) 2,6-DGESP, and
(C) " 2,4.6-TGESP (KBr pellet).
Table 2. The assignments of the IR spectra for
2,4-DGESP, 2,6-DGESP and 2,4,6-TGESP
vibration mode
C=C stretching vibration
with the benzene
C=C stretching vibration
with the pyridine
phenoxide
C-H in-plane bending
vibration of H-atom
remains on a benzene
C-H out-df -plane bending
vibration of a H-atom
remains on an ethylene
(trans)
C
x / epoxy ring
C-H out-of-plane bending
vibration of 1,4-di-
substituted benzene
Wavelength (cm 1)
2 , 4-DGESP
1590
1450
1510
1548
1250
1030
970
915
838
4
2 , 6-DGESP
1602
1450
1510
1579
1250
1030
970
915
830
2,4, 6-TGESP
1602
1632
1457
1510
1560
1252
1030
975
915
840
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B. Preparation of Polyarylates and Model Components
B-l. Preparation of Polyester from Hydroxy-Termi-
nated Styrylpyridine with Terephthaloyl
Chloride (TPC) and Isophthaloyl Chloride (IPC)
B-l-a. Model Components
(I) p-(3-2-vinylpyridyl)phenyl benzoate (p-VPPB)
(II) p,p'-Bis(B-2-vinylpyridyl)diphenyl isophthalate
(p,p'-BVPDPI)
(III) p ,p'-Bis(B-2-vinylpyridyl)diphenyl terephthalate
(p,p'-BVPDPT)
(IV) p,p'-2,6-(3-2-vinylpyridyl)diphenyl dibenzoate-
(p,p'-2,6-VPDPDB)
H=CH
00
H=CH
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The preparation of hydroxy-terminated styrylpyridine
has been described on page 6 . The model esters were
prepared by an interfacial reaction. The scheme for the
reaction is as follows :
IHTERFACIAI, REACTION
Aqueous Phase PyO~Na+ + ((W 4NC1 » Py°~ (C2H5} 4H+ * NaCl
(ion pair A)
O
II
OII
Organic Phase Py-C-Ar + (C2H,-)4NC1« . PyO (C2H5)4N + Ar--C-C.l
(ion pair B)
where: PyO'Na: (p-hydroxystyryl)pyridine salt.
Ar-C-Cl: Acyl chloride (benzoyl chloride, terephthaloyl
chloride).
Solvent: organic phase (1,2 dichloroethane).
ion pair: depend on the partition coefficent of aqueous
and organic solvent
(C H5)4N+C1": Phase-transfer agent.
In the above reaction, the water soluble nucleophile
was dissolved in an aqueous NaOH solution, the phase-
transfer catalyst, (C2Hr)4N Cl » allows for the transfer
of the nucleophile as an ion-pair (PyO" (C2Hr) ^N"1") into
the organic phase where later reaction with the organic
0
reagent, Ar-C-Cl occurred. Migration of the cationic
catalyst back to the aqueous phase completes the cycle,
which continues until equilibrium has been established
or until the nucleophile, PyO", or the organic compound,
88
0tt
Ar-C-Cl, have been completely consumed.
A 500ml resin kettle was fitted with stirrer, drop-
ping funnels, and a condenser connected with a drying
tube. All the equipment was dried and flushed with
nitrogen for 10 minutes. Monohydroxy-terminated styryl-
pyridine (0.02 mole), NaOH (0.05 mole) and 200ml of
distilled water were placed in the resin kettle and cooled
with stirring to 0°C in an ice-water bath. A solution of
mono or diacid chloride (0.01 to 0.02 mole) in 150ml of
1,2 dichloroethane was placed in a dropping funnel. The
(^ 2^ 5) 4^C1 'H^O (10 gram), a phase transfer agent, was
dissolved in 50ml of 1,2 dichloroethane and poured into
the resin kettle. The rate of addition of diacid chloride
was controlled; the complete addition required 3 hours.
After completion of the reaction, stirring was continued
for one more hour until the reaction kettle reached room
temperature. The solids were filtered, washed twice with
201 NaOH (300 ml) subsequently rinsed with water. Recry-
stallization was done from 1,2 dichloroethane/ethanol
(in a 4:1 volume ratio) and dried in vacuum oven at 80°C
for 2 days. The products were characterized by various
methods (Tables 3,4; and Fig.io with Table 5). In the
case of p,p'-2,6-VPDPDB, the acid chloride and dihydroxy-
terminated styrylpyridine were mixed by dropping dihydroxy-
terminated styrylpyridine into the acid chloride.
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Figure 10. The IR spectrum of various components:
(A) p-VPPB, (B) p,p'-2,6-VPDPDB,
(C) p.p'-BVPDPI, and (D) p.p'-BVPDPT (KBr pellet)
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7 C a
B-l-b. Polyester Synthesis/J
(V) poly 2,4($-vinylpyridyl)diphenyl isophthalate
poly(2,4-VPDPI)
(VI) poly 2,4(3-vinylpyridyl)diphenyl terephthalate
poly(2,4-VPDPT)
(VII) poly 2,6(B-vinylpyridyl)diphenyl isophthalate
poly(2,6-VPDPI)
(VIII) poly 2,6(3-vinylpyridyl)diphenyl terephthalate
poly(2,6-VPDPT)
:H=C H=CH-
CH=CH
I=CH
//A1 XV-CH=C
(v.)
H=CH
(Vlll)
0.01 mole of di(p-hydroxystyryl)pyridine, 0.8 gram
of NaOH, and 1.5 gram of tetraethylammonium chloride
monohydrate were dispersed in 200 ml of water using a
high-speed blender. To this mixture, 0.01 mole of diacid
chloride in 50 ml dichloroethane was added quickly and
the resulting mixture was stirred vigorously for five
minutes. The polymer was rapidly precipitated on the
wall of the blender. After five minutes, 250 ml of n-
hexane was added and stirring was continued. The polymer
was collected, washed twice with 100 ml portion of 20§
NaOH; the product was then washed with water and subse-
o
quently with ethanol and then dried in vacuum oven at 80 C
fot 2 days. The characterization data were shown in
Table 4 , Fig.11, and Table 6 for assignment of FT-IR.
B-2. Preparation of Polycarbonates from hydroxy-
75 80terminated Styrylpyridine with Phosgene '
B-2-a. Model Component
(IX) p,p-Bis(g-2-vinylpyridyl)diphenyl carbonate
(p,p'-BVPDPC)
CHsChK' AV-n-c-CH/ X)-CH=CH
A 500 ml round-bottom flask was fitted with a stirrer,
a condenser with a drying tube, and a gas inlet adapter tube
which reached the bottom of the flask. All the equipment
95
1160
1270^°
VAVENUhSERS
Figure 11. The. IR spectrum of various components:
(A) poly(2,4-VPDDPI), (B) poly(2,4-VPDPT),
poly(2,6-VPDPI), and (D) poly(2,6-VPDPT)
(KBr pellet)
96
Hi
a
O
a
a.
a
0
a
0) -
CS
es —M >,
rH
HI O
£ £4
JJ
T3
'JH C0 <a
01 -jj ~
C H
3J fl4
c o,
cn>
•H VO
01 •in CN
a —
>,
Q rH
i O
=- a
<u
"3
rH
1
s
o
c
0)
-••H
o
03
3
Q
va
(N
"^
^0
a
04
fl4
VO
<NJ
>,
rH
O
a
CH
a.
Q
a.
TP
<N
"^r-4
0
a,
w
a.
a54
TP
CM
"•^
rH
O
0.
O13
02
c
0
•HJJ
(3
h
J3
•H
>
00
o
f^
rH
O
«ep
r-
rH
03
f>
p*
rH
O
p^^ .
^-t
0
•H
4J
U
J3
•H
>
3*
C
-H
"0
JJ
0Mjj
0]
O
II
O
31 O
r- m
*H <-l
03 f- J
O Oin m
/-I *H
ON O
r- m
in rp
O <M
O O
vo in
""*
o
o
m
o
CPl
in
rH
O
in
o r*i
m o
vo in
^
0
•H
JJ
2
•H
^ QJ
C
C N
•H C
O .3JJ
0) 0)
14 £JJ JJ
CO
U AJ
II -H
U 3
o
VO
in
rH
O
VO
in
"
0
TJ"
\f)
~
o^i
in
rH
O
>«H
JJ
B
!H
a.
•H (U
> C
•rJ
C1T3
C -H
•H M
u a
4J
4) 0)
Vj «
9J JJin
O JJ
II -H
0 3
o[*s
tM
i-H
vO
CJ
"^
o
r-
CM
^
03
O%
(N
O
•H
JJ
IS
• H
>
rjl
C
oS
1 0j; jj
04 0)
^44J
01
0i
CJ
o
5
rH
O
pH
' CM
^
VO
Cft
^
vo
o
(N
1-1
O
CM
rH
CO
rH
^
O
£\J
(SJ
rH
O
•H
ij
(8
•H
>
S^
•H
O JSi y
i o
4J
01
O1
CJ
(N
VO
CN
VO
^1
o
vo
Gft
CM
VO
ON
C
•H a
• C S C
G O O )
0) JJ rH
1 £
Q) I— JJ
C 1)
(Q (Q
rH C
ai'j-i 13
o
O C 0
1 0
JJ -rt 01 ^
3 JJ C 31
0 IB -H C
_ M 3 10
T -H qj JJ
CJ > V4 —
o
r^
CO
m
.^
03
4J
S C
0 <U
•H O
13 •!-!
M 'U
.a 13
•H
> 0)
c
•H •
•0 0
C -rt
O JJ S
•Q '"0 O
B JJ
«•• o 10
1 u
C, 13 =
o
PO
C3
o
n
00
o
ro
03
4J
s c
O 01
•H O
JJ 13
(0 '^ )
'* "3
.3 d
•H
> o
3
C
•H «
'O O
C -H
<U JJ 5
E JJ
™ o 10i 'i
CJ 13 =
97
was dried and flushed with nitrogen for 10 minutes.
Monohydroxy-terminated styrylpyridine (0.01 mole),
0.015 mole of NaOH and 200 ml of distilled water were
placed in the flask. The mixture was stirred vigorously
and kept in an ice-water bath. The (CoHg)^NC1'H20
(0.08 mole), a phase transfer agent, was dissolved in
50 ml of 1,2-dichloroethane and poured into the flask.
Phosgene gas was then bubbled into the solution at a
controlled rate of 1 ml/min. After 2 minutes, the solu-
tion was observed to become cloudy and the pH of the
solution decreased as a result of the addition of phosgene,
a small amount of product was obtained, and in order to
increase the yield, 10 ml of 20% NaOH was added and phos-
gene was again bubbled through the solution for 30 minutes.
The product was pale yellow in color. The product was
then washed twice with 50 ml of 20% NaOH, the color of
the material became white. Subsequently, the product was
washed generously with water and recrystallized from
ethanol. The characterization data is shown'in Tables 3,4,
Fig. 12 and Table 7 for FT-IR assignments.
g-2-b Polycarbonates Synthesis
(X) poly 2,4(8-vinylpyridyl)diphenyl carbonate
poly(2,4-VPDPC)
98
12241192
WAVOOCER*
Figure 12. The IR spectrum of various components:
(A) p,p'-BVPDPC, (3) poly(2,4-VPDPC),
(C) poly(2,6-VPDPC)(KBr pellet).
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(XI) poly 2,6(3-vinylpyridyl)diphenyl carbonate
poly(2,6-VPDPC)
CH=CH CH=CH-
-CH=CH CH=CH // \V-n-"o c4-
n
(X.)
The procedure used for the preparation of the above
compounds was the same as the procedure mentioned in the
preceding section.. The only difference was that di-(p-
hydroxystyrylpyridine was used instead of mono-(p-hydroxy-
styryl)pyridine.
C. Preparation of Styrylpyridlne Based Polytriazines(PTP)
C-l. Synthesis of Cyanobenzaldehyde81'82
To a cooled mixture of 38 grams of para-
tolunitrile, 450 ml acetic acid, and 450 ml acetic anhydride
was added .67 ml of concentrated H2SO4. Stirring was
vigorous so that the temperature did not exceed 25°C.
The solution was then cooled to 5°C, and 72 grams of
finely ground chromic acid were added at a very slow rate
of one gram per minute. During the addition, the tem-
perature was maintained between 5 to 8°C. Ninety minutes
101
after the chromic acid was added, the temperature began
to rise slowly. When the temperature reached 10°C, the
stirring was interrupted and the reaction mixture was
left overnight. The contents of the reaction vessel
were then poured over 2.5 Kg of ice and 2 Kg of water.
The fine colorless precipitate was filtered, washed with
water, resuspended in 400 ml of 2% Na2CO3, filtered,
washed, dried and finally refluxed for thirty minutes with
a mixture of 7 ml concentrated sulfuric acid, 75 ml ethyl
alcohol, and 100 ml water. From the filtered solution, a
mixture of p-cyano-benzaldehyde and oil separated upon
standing. The mixture of cyanobenzaldehyde and oil was
left overnight to allow the cyanobenzaldehyde to
crystallize. The mixture was filtered and cyanobenzalde-
hyde was isolated. Then it was sublimated and sub-
sequently recrystallized from ethanol.
The oil from which the cyanobenzaldehyde was separated,
was diluted with an equal volume of water. Thereby the
oil was induced to crystallize, yielding the para-
carbamidobenzaldehyde. This sample was later refluxed
with a mixture of acetic anhydride and one drop of sul-
furic acid. The crystals which separated upon stand-
ing were recrystallized from dilute ethanol, producing
•
a small amount of para-carbamidobenzaldiacetate, which
was later used to produce more cyanobenzaldehyde.
gi
m.p. 76-77°C (lit. 75-76°C) .
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A mixture of 6.4 grams of para-carbamidobenzaldi-
acetate and 12 ml of thionyl chloride was refluxed for
two hours and the excess thionyl chloride was distilled
off. Then the remaining red oil, 20 ml of alcohol,
20 ml of water, and 4 ml of 0.1 N sulfonic acid were
added and the mixture was refluxed again for one hour.
The filtered solution was diluted with an equal volume
of water and cooled to 0°C, whereupon p-cyanobenzalde-
hyde crystallized, and was then recrystallized from
ethanol.
C-2. Monomer Synthesis
H=CH C=N
(2-(p-CN)SP)
I=CHH/ V-C=
(2,4-D(p-CN)SP)
H=CH CH=CH
(2,6-DCp-CN)SP)
103
A mixture of 2-picoline (0.01 mole; lutidine 0.01
mole) p-cyanobenzaldehyde (0.012 mole; 0.023 mole of
lutidine), and acetic anhydride (0.01 mole; 0.02 of
lutidine) was refluxed under nitrogen for 10 hours
using an oil bath at 160 170°C. After 10 hours, the
solution was poured into 400 ml of ice-water and stirred
for about 30 minutes to hydrolyze the excess acetic any-
hydride. The brown solid which remained was filtered,
washed several times with water, and recrystallized re-
peatedly from 80% ethanol. Characterization results are
shown in Table 8. IR spectra are shown in Fig. 13, and
the assignments for each of the characteristic peaks in
the IR spectra are listed in Table 9.
71 83
C-3. Polymer Synthesis '
Three portions of 0.01 mole of di-cyanostyryl-
pyridine were placed in three 100 ml three-necked round
bottom flasks at 0°C under nitrogen. During a period of
30 minutes, 0.3 mole (20 ml) of chlorosulfonic acid was
slowly added to the flasks with stirring. The mixture
was allowed to stand at room temperature for varying time
periods, then poured into ice-water, filtered and washed
several times with water and ethauol. Dark-yellow poly- .
mers were obtained. The characterization data is shown
in Table 10.
84
.-. D Preparation of Styrylpyridine Prepolymers(PSP)
To a 100 ml three-necked round bottom flask
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Figure 13. The IH spectrum of various components:
(A) 2-(p-CN)SP, (B) 2,4-D(p-CN)SP, and
(C) 2,6-D(p-CN)SP (KBr pellet).
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provided with stirrer, a thermometer and a reflux
condenser, there was introduced 0.1 mole of terephthalic
dialdehyde and 0.11 mole of the methyl derivatives of
pyridine. After the reactants were dissolved at 60°C
under a nitrogen stream, 0.003 mole of zinc chloride
was added as a catalyst. The mixture was heated with re-
fluxing for three hours. After three hours, the viscous
solution was dissolved in acetone and then poured into
ethyl ether with stirring. The prepolymer, PSP,
precipitated and was washed several times with 0.01 N
NaOH, water, and ethanol, then dried under vacuum at
60°C for 2 days. The characterization data is shown in
Table 1.1.
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III. RESULTS AND DISCUSSION
A. Styrylpyridine Based Polymers : Epoxy Resins
A-l. Equivalent Weight Study on 2,6-Diglycidyl Ether
of Styrylpyridine
Carbon -13 NMR has become an extremely valuable
technique for analysis of organic polymers. This is due to
the large C-13 chemical shift range and high sensitivity of
the C-13 nucleus to chemical substituents effects. Modern
Fourier Transfer NMR ( FT-NMR ) spectrometer systems have
made the technique extremely efficient and easy to apply.
In polymer chemistry, C-13 NMR has been used mostly for
85
the analysis of thermoplastic polymers. W.B. Moniz
studied and characterized the cure of an epoxy resin system
in a standard C-13 FT-NMR spectrometer. W.B. Moniz and C.F.
86a
Poranski have developed a method to determine the EEW
of epoxy resins by C-13 NMR. In their paper, the three
lines (Fig. 14) at 44, 50, and 70 ppm form the basis for
the C-13 method of EEW determination. As n in the general
oligomer structure increased, the number of bridging carbon
increased, but the number of terminal epoxide group remain-
ed the same-, at two per oligomer molecule. For the ideal-
ized n-oligomer, the ratio of terminal glycidyl ether car-
bons of types c, d, or e, to bridging carbons ( type b )
is 2/3n.
and
Ill
Figure 14. The 40-70 ppm region of the carbon 13 NMR
spectra (15 MHz) of two epoxy resins.
C3rbcn-13 NMR
two euo.itj resins
(15 MHz) of
112
The intensity of the carbon 13 line at 70 ppm is the sum
of the intensities of the line due to the terminal ether
methylene carbon, Ie, and those due to the bridging car-
bons, 1^. Although Ie can not be measured directly, its
value can be obtained by measuring either the line at 44
ppm ( I ) or the line at 50 ppm ( I<j ) or their average
value, I'. Thus the ratio, 2/3n, can be expressed by
and
n = 2 ( Ib-I' )/ 31'
86b
The above equation is ambiguous . Subsequently,
this equation was corrected to
Ic + Id I44 + I50
I =
e
Zb ~ I70 ~ Ie ~ I70 - *'
2/3n - "terminal glycidy ether carbon of types c,d, or e
bridge carbon
I'
2/3n =
/. n= — -=—
31
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resin. Lopata showed that the process seemed likely
for unreacted epoxide groups by comparing the cured and
uncured epoxy resin using infrared spectroscopy. The
exothermic peaks in Fig. 13 are not only due to the epoxy
group, but also to (i) thermal reaction ( Diels-Alder
reaction ), (ii) isomerization of the unreacted epoxide
group resin to the carbonyl group, and (iii) the thermal
decomposition of the epoxy resin. The first two pro-
cesses are known to be highly exothermic, and thus they
could contribute to the observed exothermic behavior.
That the unreacted epoxide groups and Diels-Alder reaction
contributed to the exotherms at 310° and 390°C in the
thermally cured epoxy resin was also shown by studying
the polymerization reaction via infrared spectroscopy
and DSC. Early in the thermal cure cycle, many of the
epoxide rings and double bonds are unreacted, as shown
by strong absorptions at 915 cm" and 970 cm~^ in the IR
spectrum and also a large exotherm ( 390°C ) in the DSC
thermogram. As the cure proceeded, the epoxide ring was
opened to give an ether linkage, and the absorption bands,
at 1250, and 915 cm"-'- decreased in intensity (see Figs.
16, 17; and Table 12). Meanwhile,the Diels-Alder reac-
tion was occuring to form a ring, and the absorption
band at 970 cm~^ decreased in intensity ( Figs. 16, 17 ).
Simultaneously, diminished exotherm peak at 390°C were
116
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Figure 16. The IR .spectrum of 2,6-DGESP cast on Al surface
under nitrogen and after beating at 250°C and
various times. (A) 0 hr , (B) 0.5 hr, (C) l.hr,
(D) 2 hr, (E) 3 hr, (F) 4 hr, and (G) 5 hr.
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Figure 17. Difference infraxed spectrum of 2,6-DGESP cast on
Al surface under nitrogen before and after heating
at 25QOC and various times. (A) 0.5 hr, (B) 1 or,
(C) 2 hr, (D) 3 hr, (E) 4 hr, and (F) 5 hr.
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Table 12. The assignment of the IR spectrum for each
characteristic peak change during the
thermal degradation for 2,6-DGESP.
vibration mode
C=0
C=C
C-H
C-H
out-of-plane
bending vibration
C=C
aromatic ring
C-H
out-of-plane
bending vibration
o-
7
wavelength (cm~ )
increase
1750
1650,1625
1390
880,750
decrease .
1600,1504
970
1250
915
formation
carbonyl
naphthalene
aldehyde
aromatic ring
Diels-Alder
reaction and
ring formation
hydroxy group
epoxy ring
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obtained ( Fig. 15 ). Both of these findings were con-
sistent with the hypothesis that unreacted epoxide groups
and double bonds do in fact contribute to the exotherm
at 390°C in the thermally cured resin.
A-3 Structure Study on The Thermal Cured Glycidyl
'Ethers of Styrylpyridine
Owing to the data storage capability of the FT-IR
system, difference spectroscopy can be used as a sensitive
method for detecting the small peak change in a sample
during its thermal cure. The common features in the spe-
ctra are cancelled and only the change is recorded.
40Koenig originally applied this technique for the oxida-
tion of polybutadiene and used the elimination of the
interfering absorbance process to isolate the particular
absorbance due to a certain component. Similar approaches
were subsequently used on epoxy resin systems.
Thermally cured epoxy resins were investigated under
various thermal degradation conditions by Fourier Trans-
form Infrared ( FT-IR ) spectroscopy. The epoxy resins
were the 2,4-diglycidyl ether of Styrylpyridine (2,4-DGESP ),
2,6-diglycidyl ether of Styrylpyridine (2,6-DGESP ), and
2,4,6-triglycidyl ether of Styrylpyridine ( 2,4,6-TGESP )
respectively. Park and Blount^ first studied the differ-
ence spectrum in epoxy resin thermal oxidative degradation
studies. They found a decrease in the -OH absorption and
an increase in the C=O absorption, but they could not
120
obtain detailed information on the degradation reactions.
Fig. 9 showed the FT-IR spectra of 2,4 -DGESP, 2,6-DGESP,
and 2,4,6-TGESP, and assignments for each peak are listed
in Table 2. The different temperature of IR spectra and
difference spectra of thermal cured 2,4-DGESP and 2,6-
DGESP are shown in Fig. 18 to Fig. 23, respectively. The
increase in intensity of the band near 1750 cm resulted
from the formation of a carbonyl group which may be due
to isomerization of the epoxy group during the high temp-
erature thermal curing process. The bands near 1650 cm"1
and 1625 cm" which increased in intensity were probably
related to the structure of naphthalene or formation of
a double bond of an unsymmetrical conjugated diene. The
band at 1390 cm" which increased in intensity is typically
characteristic for aldehyde formation which strongly sup-
91 ' 92ported M.B. Neiman and H.C. Anderson hypotheses ( see
equation 1 ). The increased intensity of the bands near
880 cm and 750 cm"1 resulted from the formation of
double bonds and rings for C-H out-of-plane bending vi-
brations. The noticeable decreases in the 1600 cm" ,
1504 cm"1 and 965 cm"1 were due to the formation of the
proposed Diels-Alder product. The significant decrease
at 1250 cm"1 was probably due to bond scission of the
phenoxide of j^N-O-CHg-CH—~,CH2 forming an aldehyde and
hydroxy containing products. The major thermal curing
reaction appeared to be equations 1 and 2.
121
Figure 18. The IR spectrum of 2,4-DGESP cast on Al surface under
nitrogen and after beating at 200JC and various times.
(A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 2 hr, (E) 3 hr,
(F) 4 hr, (G) 5 hr.
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Figure 19. Difference infrared spectrum of 2,4-DGESP cast on Al
surface under nitrogen before and after heating at
2000C and various times. (A) 0.5 hr, (B) 1 hr,
(C) 2 hr, (D) 3 hr, (E) 4 hr, (F) 5 hr.
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Figure 20. The IR spectrum of 2,4-DGESP cast on Al surface under
nitrogen' and after heating at 250°C and various
tines. (A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 2 hr,
(E) 3-hr, (F) 4 hr, and (G) 5 hr.
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Figure 21. Difference infrared spectrum of 2,4-DGESP cast on
Al surface under nitrogen before and after heating
at 250°C and various times. (A) 0.5 hr, (B) 1 hr,
(C) 2 hr', (D) 3 hr, (E) 4 hr, and (F) 5 hr.
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The IR spectrum of 2,6-DGESP cast on Al surface
under nitrogen and after heating at 200°C and various
times. (A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 2 hr,
(E) 3 hr, (F) 4 hr, and (G) 5 hr.
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Figure 23. Difference infrared spectrum of 2,6-DGESP cast on
Al surface under nitrogen before and after heat-
ing at 200°C and various times. (A) 0.5 hr, (B) 1 hr,
(C) 2 hr, (D) 3 hr, (E) 4 hr, and (F) 5 hr.
89Equation 1.
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H2-CH-pH2
isomerization of epoxy ring
H,-CH,-C-
cleavage
•CH,-CH,-C-
H abstraction H abstraction
CH,-CH3 Wl '2.—Cr-H
G=C
increasing the OH band
-OH increasing the carbonyl
band
128
93Equation 2. Intermolecular Diels-Alder reaction
N,c=
0-CH2-CH~CH2
Diels:Alder reaction
r H jT~C H^ ~C Hj
XX
A Claisen-Cope rearrangement
H2-CH-CH
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From the FT-IR difference spectra, ( Fig. 17 and 23 ),
one can expect that the high temperature thermal curing
process favored the Diels-Alder reaction, because the
typical bands for formation Diels-Alder product are in-
creased as those for reactants decreased.
A-4 Curing Reaction Studies
The TGA thermograms of 2,6-DGESP with different
amounts of TMB were run ( Fig. 24 ). It was expected that
the cured 2,6-DGESP with TMB would have a higher char yield
than without TMB due to epoxy crosslinking. The IR spec-
trum of 2,6-DGESP with different amounts of TMB were run
( Fig. 25 ) and the assignments for each peak are listed
(Table 13). The oxygen indices and char yields, for
2,6-DGESP with different amounts of TMB were determined
( Table 14 ). The cured TMB epoxy resins gave higher char
yields than the thermally cured ( no TMB curing agent )
epoxy resin. However, they gave lower oxygen indices in
a similar comparison. Perhaps unreacted TMB contributes
to this anomaly ( TMB,b.p. 130°C ) or was complexed and
relatively unavailable and hence uncombined during the
cure.
The char yields and oxygen indices of 200 C thermally
cured 2,6-DGESP at varying times was determined ( Table 15 )
The oxygen index and char yield increased with increasing
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Figure 25. Infrared spectrum of 2,6-DGESP using KBr pellet
under nitrogen before and after cure with
different amounts of TMB. (A) no TMB present,
(B) 0.1624 eq. of TMB, (C) 0.3248 eq. of TUB,
and (D) 0.4872 eq. of TUB.
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Table 13. The assignment of the IR spectrum for each
characteristic peak change during the cured
reaction for 2,6-DGESP with TMB.
vibration
mode
-
CH2
c-o-c
V
wavelength (cm 1)
increase
1420
1030
decrease
915
Table 14. The oxygen index and char yield of 2,6-DGESP
with different amounts of TMB.
TMB
eq. wt.
char yield
oxygen index
without TMB
48 . 0%
24 . 8%
0.1624 eq.
62 . 3%
25.8%
0.3248 eq.
60 . 5%
26 . 2%
0.4872 eq
61.5%
27 . 0%
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134
time and was probably related to increased crosslinking
of the epoxy resin.
A-5 Conclusions
The reactions during the thermal curing of
2,6-DGESP can be followed by FT-IR. An intermolecular
Diels-Alder reaction was proposed as the primary reaction
during the thermal cure. Cured 2,6-DGESP with TMB gave
a higher char yield than without TMB. Both char yield
and oxygen index increased with increasing time for the
thermally cured 2,6-DGESP. The Diels-Alder reaction was
favored by high temperature.
B. Styrylpyridine Based Polymers: Polyarylates
B-l Flammability Characterization of Styrylpyridine
Polyesters and Polycarbonates and Their Related
Model Compounds
Thermal characterization data ( char yields )
and oxygen indices for Styrylpyridine based polyesters
and their model compounds are shown in Fig. 26 and Table
4... An increase of char yield is generally reflected as
an improved oxygen index. p,p'-BVPDPI, p,p'-BVPDPT and
p,p'-2,6-VPDPDB have higher char yields and oxygen indices
than p-VPPB. This was probably due to increased double
bonds, pyridine, and phenyl rings in the backbone chain
and/or occurrence of the Diels-Alder reaction with the
C=C double bond in the backbone chain forming highly cross-
135
G
I-
136
linked C-C bonds. These conclusions were similar to
van Krevelen's suggestion that polymers containing high
aromatic ring content and/or double bonds in the polymer
94backbone unit usually gave large amounts of char . The
styrylpyridine based polyesters have greater char yields
and oxygen indices than the model components for similar
reasons. There is not great difference in char yields and
oxygen indices of the polyesters based on isophthaloyl
chloride ( IpC ) or terephthaloyl chloride ( TPC )
because of their similarity in. chemical composition and
structure.
The styrylpyridine based polycarbonates showed sim-
ilar char yield and oxygen indices ( Fig. 27 and Table
4 ) to that of the polyesters.
B-2 Photo-Fries Rearrangement of Styrylpyridine Based
Ester and Carbonate- UV Spectroscopic Studies
The Ultraviolet ( UV ) rearrangement reaction of
polyarylesters and their related model compounds have been
previously studied ' . The chemical changes which occur
during the UV irradiation of styrylpyridine based ester
and carbonate were investigated. The UV spectra of the
p-VPPB and p.p'-BVPDPC in 1,2-dichloroethane was monitor-
ed during the irradiation ( Fig. 28 and 29 ). The maximum
absorption for unirradiated p-VPPB was at 319 nm. After
137
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Figure 23.
300 . 340
wavelength (nm)
380 420
Change in UV spectra of p-VPPB in 1,2-dichloro-
ethane solution before and after irradiation
for different periods of time (seconds).
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Figure 29.
300 340
wavelength (nm)
330 420
Change in UV spectra of p,p'-BVPDPC in 1,2-dichloro-
ethane solution before and after irradiation for
different periods of time (seconds).
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UV irradiation, the maximum peak shifted from 319 nm to
350 nm and the observed increased absorption in the 340
nm range with a maximum at 350 nm was due to formation
of the hydroxybenzophenone structure during the Fries
95 97
rearrangement ' (see eq. 3) primary absorption max-
imum ( max= 319 nm ) rapidly diminished in intensity,
and a new absorption peak appeared on irradiation at
270 nm. This could probably be related to either the
dimerization or to isomerization of the C=C between the
98 99 100phenyl and pyridine groups ' ' (eq. 4). In the case
of p,p'-BVPDPC, there was no increased absorption at
270 nm probably due to steric effects associated with a
large molecule ( ponderal effect ) and to increased ap-
lanarity of the styrylpyridine ring to suppress the dim-
erization and isomerication of the double bond preventing
cis-isomer formation.
B-3 Conclusions
An increase of char yield is generally reflected
as an improvement in oxygen index. In the styrylpyridine
based polyesters and polycarbonates, an intermolecular
thermally induced Diels-Alder reaction has occurred thr-
ough the double bond increasing the char yield and de-
creasing the flammability. The Fries rearrangement, as
well as dimerization and isomerication, occurred simul-
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taneously during the UV irradiation of p-VPPB, but no
dimerization or isomerization occurred for p,p-BVPDPC,
probably due to steric effects.
C. Styrylpyridine Based polymers : Triazine and PSP
C-l Aromatic s-Triazine Polymers-Structure and Ther-
mostability Study
The aromatic s-triazines, 2,4-di-(p-cyanostyryl)
pyridine (2,4-SPT), and 2,6-di(p-cyanostyryl)pyridine
(2,6-SPT), were investigated by Fourier Transform Infrared
( FT-IR ) Spectroscopy after various reaction times.
( 70 71 71}Several authors^ •^,<j-,i^j have noted that triazine and
aromatic structures fall in approximately the same infra-
red region. Because of the conventional IR could not give
detailed information on the cyclotrimerization reaction.
The FT-IR spectra and difference spectra of 2,6-SPT and
2,6-D(p-CN)SP are shown in Fig. 30 and 31, respectively.
The decrease in intensity of the band near 2210 cm" is
due to the disappearance of the C=N group. The bands near
1720, 1660, 1620, 1240, 1180 cm"1 increased intensity
of the C=N group in the s-triazine 01. The increased in-
tensity of the bands near 800 and 620 cm"1 resulted from
the formation of an out of plane bending vibration of the
C=N group101. Therefore, polymer 2,6-SPT structure gave
the structure shown in Fig. 32.
620
3600 400
WAVENU«ER3
Figure 30. Infrared spectrum of monomer and polytriazine at
various reaction times. (A) 2,6-D(p-CN)SP, (B)
2,6-SPT, 24 hr, (C) 2,6-SPT, 48 hr; (KBr pellet).
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Figure 31. Difference spectra of (A) B-A, (B) C-A,
(C) C-B from Fig. 30.
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Table 8 and 10 show the char yield and oxygen in-
dex of polytriazines and starting materials. It was ex-
pected that the corsslinked polytriazines would have a
higher char yield than the starting materials. For
the PSP structure unit increases in double bond, pyridine,
and phenyl content, and crosslink formation usually gave
higher char. An increase of char yield is generally re-
flected also in an improved oxygen index '. In the case
of the polytriazine, the order of char formation is
2,6-SPT= 2,4-SPT >2,6-D(p-CN)Sp=2,4-D(p-CN)SP >2-CNSP.
A higher crosslink density related to the triazine ring
formation appeared to account for this. These conclusions
were similar to van Krevelen's suggestion that polymer
containing highly aromatic content and/or double bonds
in the polymer backbone unit usually gave large amounts
9.4
of char yield
C-2 Polystyrylpyridine ( PSP )-structure and therm-
ostability Study
Thermally cured polystyrylpyridine prepolymers,
polymer 2-4-styrylpyridine (2,4-PSP ), polymer 2,6-styry-
Ipyridine ( 2,6-PSP ) and polymer 2,4,6-styrylpyridine
(2,4,6-PSP ), were investigated under various thermal de-
gradation conditions by FT-IR spectroscopy. The FT-IR and
•
difference spectra of thermally cured 2,4-PSP, 2,6-PSP,
and 2,4,6-PSP are shown in Fig. 33 to 42, respectively.
These studies were done at various curing temperatures.
The increase in intensity of the band near 1620, 1600,
1500, and 1470 cm were probably related to the ring
stretching vibration of the C=C double bond structure
102
of naphthalene . The noticeable decrease in the 1670
and the 960 cm were due to the formation of the pro-
posed Diels-Alder products The significant increase at
1160 and 750 cm"1 (103,104) appeared to be related to the
out of plane C-H deformation vibration of substituted
naphthalene. The thermally cured 2,6-PSP structure would
give such a structure ( Fig. 43 )
From the FT-IR different spectra results ( see Fig.
38 and 40 ), the high temperature thermal curing appear-
ed to favor the Diels-Alder reaction.
Various PSP's give high char yields and oxygen in-
dices (Table 11) as a result of the Diels-Alder reaction
during the thermal cure. There appeared to be no par-
ticular difference in char yield and oxygen index of
2,4-PSP, 2,6-PSP, and 2,4,6-PSP because of their simil-
arity in chemical composition and structure.
C-3 Conclusions
FT-IR can be used to distinguish the structure
149
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Figure 33. Infrared spectrum of 2,4-PSP cast on Al surface
under nitrogen after heating at 180°C and
various times. (A) 0 hr, (B) 0.5 hr, (C) 1 hr,
(D) 1.5 hr, (E) 2 hr, (F) 3 hr, (G) 4 hr, and
(H) 5 hr.
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Figure 34. Difference infrared spectrum of 2,4-PSP cast on Al
surface under nitrogen before and after heating at
180°C and various times. (A) 0.5 hr, (B) 1 hr, (C)
1.5 hr, (D) 2 hr, (E) 3 hr, (F) 4 hr, and (G) 5 hr.
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Figure 35. Infrared spectrum of 2,4-PSP cast on .41 surface
under nitrogen after heating at 200°C and various
times. (A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 1.5 far,
(E) 2 hr, (F) 3 hr, (G) 4 hr, and (H) 5 hr.
152
1600 1540
10 400
WAVENUMBERS
Figure 36. Difference infrared spectrum of 2,4-PSP cast on Al
surface under nitrogen before and after heating at
200°C and various times. (A) 0.5 hr, (B) 1 hr,
(C) 1.5 hr, (D), 2 hr, (E) 3 hr, (F) 4 hr, and
(G) 5 hr.
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Figure 37. Infrared spectrum of 2,6-PVP cast on Al surface
under nitrogen.after heating at 180°C and various
times. (A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 1.5 hr,
(E) 2 hr, (F) 3 hr, (G) 4 hr, and (H) 5 hr.
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Figure 38. Difference infrared spectrum of 2,6-PSP cast on Al
surface under nitrogen before and after heating at
180°C and various times. (A) 0.5 hr, (B) 1 hr
(C) 1.5 hr, (D) 2 hr, (E) 3 hr), (F) 4 hr, and
(G) 5 hr.
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Figure 39. Infrared spectrum of 2,6-PSP cast on Al surface
under nitrogen after heating at 200°C and various
times. (A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 1.5 hr,
(E) 2 hr, (F) 3 hr, (G) 4 hr, and (H) 5 hr.
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Figure 40. Difference infrared spectrum of 2,6-PSP cast on
surface under nitrogen before and after heating at
20QOC and various times. (A) 0.5 hr, (B) 1 hr,
(C) 1.5 hr), (D) 2 hr, (E) 3 hr, (F) 4 hr and
(G) 5 hr.
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Figure 41. Infrared spectrum of 2,4,6-PSP cast on Al surface
under nitrogen after beating at 250°C and various
times. (A) 0 hr, (B) 0.5 hr, (C) 1 hr, (D) 1.5 hr,
(E) 2 hr, (F) 3 hr, (G) 4 hr, and (H) 5 hr.
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Figure 42. Difference infrared spectrum of 2,4,6-PSt- cast on
Al surface under nitrogen before and after heating
at 250°C and various times. (A) 0.5 hr, (B) 1 hr,
(C) 1.5 hr, (D) 2 hr, (E) 3 hr, (F) 4 hr, and
(G) 5 hr.
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difference between the polymeric triazine and monomer and
thus gave detailed information about the formation of the
polymeric trazine structure. The char yield and oxygen
index of polymeric triazine were increased as the cross-
link density increased. The structure changes during the-
rmal curing of 2,6-PSP can also be followed by FT-IR.
An intermolecular Diels Alder reaction was proposed as
the primary reaction during the thermal cure. In the case
of those PSP polymers, there appeared to be no particular,
difference in char yield and oxygen index as a function
of changes in structure.
113
Therefore, the equivalent weight can be expressed as
follows:
EEW =
nx molecular weight of repeat unit + 2 x EEW of the
resin when n=0
The equivalent weight of 2/5-DGESP was calculated from Fig.
6 and listed in Table 1. The 2,4-DGESP and 2,4,6-TGESP
had difficulty dissolving in the CDC13. In addition, the
nitrogen atom on the pyridine can act as a catalyst to re
87
act with the epoxy ring . Therefore, the content of
epoxy resin may be diminished. The reaction between the
epoxy ring and pyridine is as follows:
Hence, the EEW of 2,4,-DGESP and 2,4/6-TGESP were not obtained
A-2 DSC Studies on the Glycidyl Ether of Styrylpyridine
The DSC thermogram of the epoxy-based aromatic
polyether resin ( Fig. 15 ) showed exothermic peaks
( maximum ) at 310.5° and 392.6 for 2,4-DGESP, at 260°,
305.4°, and 355° for 2,6-DGESP and at 210.0°, 337.2°C for
88,89
2,4,6-TGESP . Lee and Anderson hypothesized that
the exothermic peak at around 400 C could be attributed
to reactions of the unreacted epoxide rings in the cured
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